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The Leningrad manuscript is almost completely lacking in diacritical points, 
but I found it to be on the whole better and more reliable than the Istanbul 
manuscript, as can be judged from the critical apparatus. On the other hand 
the Istanbul MS. was of help in reading some expressions in the Leningrad 
MS. which otherwise would have been problematic. The text that has been 
constructed from these two MSS. is, I believe, free from textual puzzles, perhaps 
with a few minor exceptions, Punctuation, vowelling and the use of quo- 
tation marks have been added to clarify the arguments in which quotations 
within quotations sometimes occur. 


Note added in proof: After this article was submitted for publication I 
was able to obtain a microfilm of a third copy of Ibn al-Haytham’s magéla 
which 1 had believed to be no longer in existence. This copy occupies 
pp. L18* - 127 in cod. or. oct. 2190, listed in Brockelmann, GAL, 1°, Leiden, 
1943, p. 618, no. 19, and now preserved in the Deutsche Staatsbibliothek 
in East Berlin. Te codex contains several works most of which are by Ibn 
al-Haytham and some of which were transcribed by Qädi Zäda, the Turkish 
mathematician who directed the school established by Ulugh Beg in Samr- 
qand, and who died ca. 1436. One magäla, by Yahyä b. Ahmad al-Käshi, 
was copied by Qädi Zäda in A. H. 817/A. D. 1414 at Samarqand (fol. 21°). 
Another, Ibn al-Haytham’s “longer treatise” on lunar figures, was copied 
in A.H. 839/A. D. 1436 (fol. 43*). The magäla on Hall shukäk harakat al- 
ilrifaf is not dated, but scems to have come from the same period. The 
Berlin copy is not as good or ns old as the Leningrad MS. (See above, 
note 10), but it turns out to be the source of the Atif copy, as is apparent 
from comparing the two. Variant readings from the Berlin MS have now 
been incorporated in the critical opparatus or, when this was not conven- 
ient, added at the end of the text. Except for two or three instances, no 


improvements of the edited text itself were made necessary by the 
Berlin MS. 
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lost treatise on the movement of iltifäf which it paraphrases and sometimes 
quotes. It must therefore be taken into account in any study of the history of 
later investigations, such as those of Tüsï, bis colleagues at Marägha, and Ibn 
al-Sbätir. The treatise is also interesting as an example of scientific controversy 
in eleventh-century Islam. 

My edition of Hall shukük harakat al-iltifaf is based on two copies of which 
one is preserved at Leningrad, Asiatic Museum, MS, Or B 1030, fols. 1b-20b 
and the other at Istanbul, MS. Atif 1714, duted A.EL. 1158, fols. 139b-148b41 


planets a true und unobjectionable arrangement (other than the one usserted by Ptolemy) by means 
ofbodies that have a permanentiy uniform aud continuous motion from which ue impossibility follows!" 
libid., p. 34). 

Trials to modify the Ptolemaie models so as to remove the objectionable character of the equrnt 
appear to have taken place sowe two hundred years before Tüsi. We learn this from a polemieal work 
which Mahmüd ibn Musfüd al-Shÿräsi (the pupil of Nagir al-Din) wrote in the thirteenth century. 
(he work is entitled FaSala fa-là talum, which ray be translated, somewhat freely, us “you asked 
or more literally you've done it, so don't put the blame [on me]"*. It is a loquacious and vitu- 
perative reply to a contemporary (Muhamad ibn “AI ibn al-Husoyn ai-H(imädhi) who had written 
2 commentary on Tüsÿ's T'adhkira (Tikyän magäyid al-Tadhkira) in which he bad ‘‘plagiarired"" Sbirä- 
2 Tukfa. The work is full of information which is certain to throw a great deal of light on the history. 
of Islamic astronomers and astronomieal research, particularly in thirteenth-century Marägha. Several 
copies re extant; 1 bave used the Tehran MS. Majlis-i Shürä 3944, of which the Institute for Arabie 
Manuseripts in Cairo bus a microfilm (no. 228 Ba“that [räv). The manuscript, which comprises 232 
flics, is dated AH. 826 and claims to have been copied from the author”s autogragh (sawäd). On 
page 6b Shiräat reports that “Abü Ubayd al-Jüzjäni, the pupil of al-Shaykh, composed a book which 
he titled Tarkib al-afldk (Construction of the Spheres) and in which he claimed to have resolved the 
equant problem (ishkäl mufaddil ol-mastr". Shträei did not think much of the solution which, be 
said, was not worthy of a beginner, let alone un expert in astronomieal science, There ean be little doubt 
that the Jürjäut in question is Abü Ubayd fAdb al-Wähid ibn Muhammad al-Jüsjänt, the pupil of 
Tba Sin (d. 1037), who prodded his teacher into writing the famous Kitäb al-Shifd', who engaged 
in astronomical observations over a period of eight years (W.E. Gohlman, The Life of Tbn Sinä, Albany, 
NY. 1974, pp.66-68,80), and who was responsible for adding a mathematical section to Ibn Sinä's 
Küdb al-Najät (G, Anawati, Mu’allafät Ibn Sind, Cairo, 1950, pp. 94-96), 

"The word **Shaykh”* in the sentence quoted from ShiräzT'a book is a title commanly applied to Th 
Sinë in the usual honorific conjunction “al-Shaykb al-Ra'is”, ShirAzT's statement thus shows that the 
effort to improve Ptolemy"s models began at least as early as the eleventh century, perhaps shortly 
after Thu al-Haythom (who died only a few years after Thu Staä) wrote the Shukdk, 

10, V. Roseu, Notices sommaires des manuscrits arabes du Musée asiatique. Première livraison, St. 
Petersburg, 1881, MS, no. 192 in the catalogue. This codex must bave beea transeribed sometime in 
or before the second decade of the seventh century after élue hijra, the time ia which it vos “ehecked”* 
(Sürida), as is stated on the back of the right-hand cover. The colophon further élaims Ant the whole 
volume was chécked (gfbila) and corrected against tbe original “which is in the author's hand'', The 
mannseript does show sigos of having beeu improved. 

11, Max Krause, “Stambuler Handschriften islamischor Mathematiker"*, Quellen und Studien sur 
Geschichto der Mathematik, Astronomie und Physik, Abteilung B: Studion, Band 3 (1936), p. 478, work 
no. 29. The title is mistakenly translated here as “Über die Lüsung der Schwierigkeiten der Bewegung 
der Schiefe der Ekliptik"". See also Cnel Brockelmano, Geschichte der arabischan Litteratur, 1? (Leideu, 
1943), p. 618, no. 19; Supplementhand 1 (Leiden, 1947), p. 852. 
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The Planetary Hypotheses failed to provide an arrangement of spherical 
bodies that would produce the variations, and it was {bn al-Haytham io the 
eleventh century who took up the challenge to devise such an arrangement. 
This he set out to achieve in a “Treatise on the Movement of Iltifaf” (Magäla 
fi harakat al-iltifaf).° This treatise is now believed 10 be lost, but it was available 
to Nasir al-Din al-Tüsï in the thirteenth century and possibly also to Ibn al- 
Shätir in the fourteenth century." Tüsi reports in the Tadhkira that Ibn al. 
Haythams arrangement introduced two additional spheres for the epicyele 
of each of the five planets and two more for Venus and Mercury. 

During Ibn al-Haytham’s life someone wrote a critique of his Magäla ft 
harakat alihifaf, casting doubt on some features of the proposed model and 
asking questions about obscure points. (It is interesting to note that one of 
these questions implies a confusion between the iltifaf that Ptolemy attributes 
in the Planetary Hypotheses to Axistotle's system and the iltifaf involved in 
Ptolemy’s theory of latitudes.) This critique is also lost; but we have Ibn al- 
Haytham's reply to it, entitled Hall shukäk harakat al-iltifaf, which we publish 
in this issue, 

Ibn al-Haytham’s Fall is one more illustration of the direction of research 
of Arabic astronomers which resulted from confronting the abstract models 
of the Almagest with their proposed physical counterparts in the Planetarÿ 
Hypotheses. Other illustrations include Ibn al-Haytham's al-Shukük “alé 
Ballamyüs,® the Tadhkira of Nasir al-Din al-Tüsï, and the Néhäyat al-sil of 
Ibn al-Shätir, among others. It is becoming increasingly clear that the modifi- 
cations of the Ptolemaic models at the hands of thirteenth- and fourteenth- 
century astronomers at Marägha and Damascus were undertaken as a response 
to objections raised by Ibn al-Haytham against what he called “false” Ptole- 
maie arrangements." The present treatise gives us an account of the earlier 


second diameter about the small cireles perpendieular to the plane of the deferent is known as iéiwë" 
(sviiau 


araka bi-Hiltñed?, Nagir al-Diu al: T'üsf, in Chapter 10 of the T'adhkira, eoribined 
ing that the Intitude due 10 the elant is known us inhird/, wirdb, élec" and 
ikifäf (Leiden MS, Or. 905, fol 42a). 


6. This is n0, 61 in Tbn Abi Ujaybi‘a' 


it 111; see article on Ibn al-Haytham in Dictionary of 


Scientifie Biography, (New Yerk, 1972), vol. VI, p. 207, work no. LIL 63. 
1. Tüeï refers to Tbn al-Huythara's “maqäla" in the course of à discussion of planetary latitudes 
x 


in the Tadhkira, but withont mentioning the complete title (Leiden MS. Or. 
His description of Tbn al-Haytham's treatise makes it virtually cortain that 
wäb it. Ibo al-Sbatir, in BL, 1, Chapter 24 of Niyéyat alail, also mentions a “Risäla"* by Ibn al. 
Haytham on planetary latitndes, again without quoting u complete title. But be may have been. repor- 
ting wbat be bad leurnt from Tüsi's Todhkira (Bodleian MS. Mrdh 139, fol. 31b). 

8. Edited by À. 1. Sabra and N, Shehaby, Cairo, 1971. 

9. Ibn al-Haycham concludes his exiticien of Ptolemy" equant model by these words: +] is mati- 
fest from all that we bave mentioned that the arrangement (hoy'o) which Ptolemy proposed for the 
movements of tbe five planets is a false arrangement, and that there exists for the motions of these 


fol. 49a, also, fol 500). 
directly acquainted 
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It is clear that Ptolemy here refers to the Aristotelian contribution to the 
Eudoxan-Callippan system, in which a set of “counteracting” spheres is 
iserted between the nest of spheres associated with a higher planet and the 
nest immediately below it, the function of the inserted spheres being to cancel 
the combined motion of all the higher spheres except the daily east-to-west 
motion which alone is passed on t0 the lower nest. It may be noted that when 
Ibn Rushd (in his large commentary on Aristotle's Meraphysics, Tafsir Ma 
ba®d al-tabi*a) paraphrases this passage from the Planetary Hypotheses, he 
uses “farakät lawlabiyya" (spiral motions) rather than “harakät shabiha bi 
if" “Lawlabiyya” (spiral) is in fact the word which in the Arabic trans- 
ltion of the Metaphysies that was used by Tbn Rushd conveyed Aristotle's 
understanding of the role of the inserted spherés as anelittousai or counteract- 
ingst 

However, in Arabic astronomical works the word ilifaf came to have a 
more restricted meaning which is that intended in the title of Ibn al-Haytham's 
treatise: Hall shukäk harakat al-iltifaf. Still implying a motion compounded 
of cireular motions this word is here used to refer specifically to a movement 
which each planet is imagined to trace out round the surface of its epicyclic 
sphere as a result of the movements attributed by Ptolemy to the plane of the 
epicycle to produce the variations in latitude, To account for these variations 
the Almagest assumes in the case of all five planets that the diameter through 
the epicycle’s apogee oscillates so as to vary the angle ofinclination or devia- 
tion (egklisis: mayl) between the plane of the epicycle and that of the deferent. 
In the case of the two inner planets a second diameter perpendicular to the 
frst in the plane of the epicycle also oscillates in such a way as to vary what 
is called the slant (loxüsis : inhiraf) of the epicycle to the deferent. The Alma- 
gest further proposes a mechanism designed to produce the oscillations by 
making the ends of both diameters turn about small circles perpendicular to 
the plane of the deferent.® 


2. Aristotle, Metaphysies, XIL, 8, especially at 1074a 1-15; Loeb edition, vol, If, London und Cam- 
bridge, Mass., 1962, p. 159. 

3. Averroès, T'afitr Mà bafd al-tabra, ed. Maurice Bouyges, S. J., vol. III, Beirut, 1944, p. 1662, 
lines 8-19. Ibn Rushd's anderstanding of Ptolemy's position and of the role of what he culs “haraka 
laulabiyya"* iu Axistotle (ibid., pp. 1671-7) raises interesting questions which cannot be discussed here, 

4, Ibid, pp. 1668-1670, 

5. Almagest, XITI, 1-6, Accounts of Ptolemy’s theory of planetary lutitudes are in Olaf Pedersen, 
À Suroey of the Almagst (Odense University Press, 1974), Chapter 12; and 0, Neugébauer, À History 
of Anéiont Mathematical Astronomy (New York, Heidelberg and Berlin, 1975), purt 1, pp. 206 &. The 
diatian of the diameter through the epicyele’s apoges and the slant of the second diameter are called 
mayl and inhirdf respectively in the Ishäg-Thâbit translation of the Almagest, British Library MS. 
Add. 7475 (dated AH. 615). AlBirüni, in the afhèm, calle the laut wirdb; and he calls the latitude 
de to variation of the slant “ard al-wirdb and “arg at-ilirea (R: Ramsay Wright, ed. and trans, The 
Book of Instruction in the Elements of tha Art of Astrology by.» al-Birünï (London, 1934), p. 103). In 
akQänün al-Mas“üdi (Hyderabad Dn., 1956), vol. 1, p. 1817, line 10, Birüni says that motion of the 


Ibn al-Haytham’s Treatise: Solution of Difficulties 


Concerning the Movement of Iltifaf 


A. IL Sasra® 


Summary and Introduction 


N THE ARABIC translation of Ptolemy's Planetary Hypotheses the word 
ilifaf (from iltaffa, to turn round, and laffa, to roll up, wind) is used to 
refer generally to a movement composed of circular movements about different 
poles. At the beginning of the second part of this book Ptolemy discusses 
alternative ways of representing planetary motions in terms of physical bodies. 
He states first that the phenomena can be produced either by the motion of 
solid spheres (ukar musmata) and spherical shells (ukar mujauwnwafa), or by 
the motion of slices (manshärät) of such spheres and shells. Mathematical 
reasoning (qiyas ta-limi), be says, would have no preference for one of these 
modes of representation over the other. But some people, he goes on to say, 
were led by physical reasoning (qiyas fabii) to conceive of complete spherical 
bodies (ukar tmma), because they found the revolution about fixed poles 
thus easier to imagine. Being familiar with what men construct with their 
own hands, they preferred the latter mode of representation “as Aristotle 
also did, so that the poles of the contained spheres would be fixed in the con- 
taining spheres. Then. since no connection existed between the inner spheres 
(al-ukar al-däkhila) and the first, outermost sphere (al-kura al-khärija al. 
la), and since the spheres do not all have the same speed but rather are 
subject to various inequalities, they were obliged to seek knowledge of the 
means by which every planet participates in the primary motion, as js visible 
aud apparent to us; for the spheres that exist between us and [the outermost 
sphere] vary in respect of their position and movement; and it is for this reason 
that Aristotle used the movements that are similar to al-ikifaf (al-harakät 
allati takänu shabihan [sic] bi-lileifaf) "x 


“History of Science Department, Harvard University, Science Center 235, Cambridge, MA 0213 
U:S.A. Thanks are due to the Asiatie Museum at Leningrad, the Stlleymanye Library at Istanbul and+ 
the Stautshibliothek in East Berlin for supplying microflns of the text publisbed in this issue, This 
réseurch was completed during teuure of grants from the National Eadowment for the Humanities 
and the Nationaï Science Foundation, U.S.A. 

1. Bernard R. Goldstein, ed., “The Arabic Version of Ptolemy'e Planetary Hypotheses,"" Transacs 
sions of the Anierican Philosophical Society, new series, vol. 57, part 4, 1967, pp. 36-38, esp. p. 37, line 
24- p. 38, line 3. Seo also p. 4 line 6; p. 43, line 21; p. 44, lines 1, 3, and 4; in some uf these occurrences 
iltaffa means to envelop, surround. The Greek text of the second part of the Planelary Hypoheses 
(Kitäb al-Igtisäs also known as Kitäb al-Manshüräi) hs not survived, 
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Puisque le produit de EG par CE est égal au carré de Gb, € est plus grand 
que CB, et EC, qui est la somme de EB et de Et, est plus grand que CD. Puisque 
le produit de BD par D est égal au carré de BF, BE est plus grand que CD, 
et/BD, qui est la somme de BC et de CD,est plus grand que BE, Donc la som- 
me de deux quelconques des droites EF, BC, CD est plus grande que la droite 
qui reste. Il est donc possible de construire un triangle à partir de ces t 
droites. Soit ce triangle le triangle ABC. Soit Af égal à BE, et AC égal à 
Joignons AE et A. Le produit de FC par üB est donc égal au carré de A. Le 
rapport de EG à CA est donc égal au rapport de 4û à €B. Les deux triangles 
6 et AEC sont donc semblables. L'angle CAB est donc égal à l'angle AEB, 
qui est la moitié de l'angle ABC. Puisque le produit de 55 par DC est égal au 
carré de BA, et que 5C est égal à CA, le produit de ñ£ par CD plus le carré de EX 
est égal au carré de Ha. Le triangle ABD est alors isocèle; la droite DA est donc 
égale à la droite Ba. Le produit de BD par Dé est donc égal au carré de Da. Le 
triangle ADC est done semblable au triangle A85; l'angle DXC est done égal à 
l'angle KBD, qui est égal à l'angle ADB. Chacun des deux angles ADG et EXD est 
deux parties suivant la grandeur par laquelle l'angle BKC est une seule partie. 
L'angle ACB est quatre parties, suivant la grandeur par laquelle l'angle BAC 
estune seule partie. Si donc on divise l'angle ACB en deux moitiés, et qu’on di- 
vise chaque moitié en deux moitiés, les angles du triangle se divisent en sept 
parties égales, Si on mène les droites par lesquelles on a divisé les angles à la 
circonférence du cercle, la circonférence du cercle se divise en sept parties. Si 
ou trace leurs cordes, il se forme dans le cerele un heptagone de côtés et d'an- 
ges égaux./ 

Nous avons construit dans le cercle un heptagone de côtés ét d'angles 
égaux selon tous les cas par lesquels on peut construire l'heptagone. Tel était 
notre but dans ce traité. 

Louange à Dieu pour avoir terminé, et bénédiction au plus distingué des 
hommes et à sa noble famille. 

Le tracé des figures de ce Traité a été effectué conformément à l’exemplaire 
à partir duquel il a été copié, dans la nuit qui achève le vingt du mois de 
Shabän, 1158. 
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Fig, 6 


au produit de IR par KG. Or le rapport de MC à CB est égal au rapport de EC 
à CR, c'est-à-dire au rapport de TR À KG, qui est égal au rapport du produit 
deTK par KG au carré de KG. Le rapport du produit de Et par CM au produit de 
EC par GB est donc égal au rapport du produit de TK par Kc au carré de Rt. 
Mais le produit de EG par CM est égal au produit de IR par Kt. Le produit de 
EC par CB est done égal au carré de CK, c’est-à-dire Çau carré) de ©. Mais le 
produit de BD par DC est égal au carré de HB. Et HB est égal à HE: le pro- 
duit de Bb par DG est done égal au carré de BE. Nous avons donc divisé la 
droite ED en trois parties telles que le produit de EC par ©B soit égal au car- 
ré de CD, et que le produit de BD par DC soit égal au carré de BE. 
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Nous allons démontrer sa division d'abord par l'analyse 

Posons CK égal à CD, élevons au point & la perpendiculaire KG, et posons-la 
égale à KC. Menons du point & une droite parallèle à soit GI. Posons GI 
égale à GR. Joignons GC et IK. Au point & élevons la perpendiculaire G. sur la 
droite BC, menons Bi endiculaire à et posons RIT égal à BE, La droite 
Bi coupe GC au point M. Au point D, traçons ln parabole d'axe D, de côté droit 
5. Puisque 11 est égal à EB, et que le carré de EF est égal au produit de ED 
par DG, le carré de 115 est égal au produit de 55 par 0€. La parabole passe 
donc par le point 11. Soit la section DH. Traçons l'hyperbole qui passe par le 
point 
égal à RC, EM est égal à roduit de EC par 
CB est égal au carré de Gb. Le produit de Xi par CB est donc égal au produit de 
RG par KG, et le rapport de HE à HG est donc égal au rapport de Me à HG, qui 
est égal au rapport de Gé à RC. Le rapport du produit de HE par MA au pro- 
duit de HG par Mi est donc égal au rapport du produit de GG par KG, au pro- 
duit de KG par KG. Le produit de MR par HE est done égal au produit de & 
par KG. Le point ff est done sur l'hyperhole. 

“ Cette section coupe la section DH car cette section, c’est-à-dire l'hyper- 
hole, s'approche toujours de la droite Gt, et l’hyperbole coupe &1, pour le 
dépasser ensuite et s'en éloigner. Que les deux sections se coupent au point 
file point H est donc au-delà de la droite CH. c’est-à-dire au-delà du point 
ï, car l'hyperhole est toujours au-delà de la droite C.*t 

Menons du point 5 la perpendiculaire HB, et menons HE parallèle à la 
droite &G. Si done la droite Gb est connue, €K sera de grandeur et de position 
connues, et Ja figure KGI sera de grandeur et de forme connues et le point R 
sera connu; l'hyperbole sera alors de position connue. Puisque fD est de 
grandeur connue, la parabole / est de position connue. Le point H est done 
connu, et le point 5 est connu. C’est à partir de lui qu'on construit le triangle. 


Composons cette analyse: 

Supposons une droite connue; soit RD. Divisons la en deux moitiés au 
point €; élevons au point R la perpendiculaire KG, et posons la égale à K 
Menons du point & une droite parallèle à RC: soit GI. Posons GI égale à RC 
Joïgnons Ge et 1K. Menons du point & la perpendiculaire CL, ct faisons passer 
par le point & l'hyperbole ayant pour asymptotes les deux droites GC et CL. 
Faisons passer par le point D la parabole d'axe RD et de côté droit cb. Cette 
section coupe l'hyperbole pour la raison que nous avons précédemment men- 
tionnée, Qu'elles se coupent au point H. Menons la perpendiculaire AB, et 
menons HE parallèle à GC. Prolongeons AB jusqu'à M. HB est donc égal à 
GE, et DM à FC. Him est done égal à CE, et HE à MC. Le produit de FC par CM est 
done égal au produit de Hit par jf. Mais le produit de Hit par MC est égal 


1, Le paragraphe entre *.* devrait figurer dans la synthèse, et non pas dans l'analyse. 
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dents et l'on augmente l'un de ses angles de l'excédent mentionné maintenant. 
Nous trouvons ainsi le triangle dont l’un des angles est une seule partie, l'autre 
deux parties et le troisième quatre pa u 

Mais il est possible de construire ce triangle sans le réduire à l'un des triang- 
les précédents. Tragons done le triangle et menons Bë de part et d'autre; 
posons €b égal à CA, BE égal à BA, et joignons AE et AD, Puisque l'angle ACB 
est quatre parties, ADC est deux parties, ét l'angle ABC est deux parties. 

Donc l'angle BAD est trois parties, et les deux angles ABD et ADB sont 
égaux. Donc la droite AD est égale à la droite A6. Or AB est égal à BE. Donc À 
est égal à BE. 


Ë B € D 
Fig. 5 


Puisque l'angle ARC est deux parties, l'angle AFB est une seule partie, 
done l'angle REC est égal à l'angle Bac. Le triangle ABC est donc semblable au 
triangle Xuc. Le produit de EG par GB est done égal au carré de Ca. Mais € est 
égal à Gp. D'où le produit de EC par CH est égal au carré de CD. Puisque AC est 
égal à Gb, l'angle DAG est égal à l'angle AD; mais l'angle ACE est quatre par- 
tiess alors l'angle DAC est deux parties; mais l'angle ARC est deux parties, 
donc l'angle DAC est égal à l'angle AnG. Le triangle ADC est donc semblable 
au triangle XHD. Le produit de BD par DC est donc égal au carré de Da. Mais 
5 est égal à BE: donc le produit dé BD par DC est égal au carré de BE, La 
droite En est done divisée en trois parties, et le produit de BD/ par Dü est égal 
au carré de BE? et le produit de F par CB est égal au carré de CD. La droite 
ADR) divisée selon ce rapport est celle qui achève le lemme d'Archimède. C'est 
la droite qui a été divisée par Abü-Sahl al-Qnhi et à partir de laquelle ila 
eomposé le triangle dont l'un des angles est une seule partie, l'autre deux par: 
ties, et le troisième quatre parties, et à partir duquel il a déterminé l'hepta- 
gone. Nous divisons cette droite par une méthode autre que la méthode par 
laquelle l'a divisée Abü-Sahl. 
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parties. Puisque AE est égal à BE, l'angle AE est égal à l'angle BEX. Done 
l'angle BAE est trois parties suivant la grandeur par laquelle l'angle AGB est 
une seule partie, Et l'angle CXE est deux parties de ces parties. Done l'angle 
BAC est cinq parties des parties par lesquelles chacun des deux angles ABC et 
nu est une seule partie, Si donc on construit dans le cercle un triangle sem- 
blable à ABC, et si on sépare l'angle BAC. en cinq angles dont chacun ost égal à 
l'angle ABC, les angles du triangle se divisent en sept angles égaux. Si on 
mène les droites jusqu’à ce qu'elles rencontrent la circonférence du cercle, le 
cercle se divise en sept parties égales. Si on trace les cordes, / il se forme 


dans Le cercle un heptagone de côtés et d'angles égaux. C'est ce que nous vou- 
lions construire. 


(Quatrième cas) 
De même, supposons le triangle dont l'un des angles est une seule partie, 


l'autre deux parties, et celui qui reste quatre parties, et déterminons Y'hep- 
tagone à partir de ce triangle. 


Par la voie de l'analyse: 


Supposons que nous avons trouvé un triangle répondant à cette proprié- 
té; soit le triangle ABC. Soit son angle À une seule partie, son angle 5 deux 
parties, son angle & quatre parties. Posons l'angle BOB une seule partie; l'angle 
AG sera alors trois parties et l'angle ADC également trois parties, car il est 
égal à la somme de ABC et BCD. Le triangle ACD est donc le premier triangle 
des triangles que nous avons déterminés. Si donc nous déterminons le premier 
triangle, il sera semblable au triangle ADE, et si nous posons l'angle DB égal à 
l'angle CRD, alors l'angle ACB sera quatre parties et l'angle ABC deux par- 
ties. Si nous posons également l'angle BCE égal à deux parties, l'angle CEB 
est alors trois parties, car l'angle EBC est deux parties. Le triangle BEC sera 
alors le deuxième triangle des triangles que nous avons déterminés. 

Si on pose l'angle ECA égal à l'angle EcB, l'angle ACB sera alors quatre 
parties et l'angle CAB sera une seule partie. 

Si nous posons également l'angle CG égal à l'angle CAG, alors l'angle 
GG sera trois parties, et l'angle AGC sera donc cinq parties, car il est la 
somme des deux angles GÈB et . Le triangle AGC sera alors le troisième 
triangle des triangles que nous avons déterminés. 

Si nous posons l'angle/&05 égal à l'angle CD, qui est deux parties, car il 
est la somme des deux angles ACG et CKG, l'angle EDG sera alors trois parties. 

Si nous posons ensuite l'angle CAG égal à une seule partie, l'angle ACB 
sera alors quatre parties, et l'angle CAB sera alors une seule partie. L'angle 
Hé sera donc deux parties, et le triangle ABC se ramène à chacun des trois 
triangles que nous avons précédemment montrés. Si on veut construire Thep- 
tagone à partir du triangle dont un angle est une seule partie, l'autre deux 
parties. et le troisième quatre parties, on détermine l'un des triangles précé- 
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Di; si elle dépasse ensuite la droite Di, elle s'éloigne de la droite Di, car la 
droite menée du point de l'intersection tangente à la section coupe la droite 
Di. Si elle est menée de part et d’autre, elle s’éloigne de la droite DI. La sec- 
tion €KH} au dessous de la tangente coupe la parabole CH; si elle s'éloigne 
du point de r'intersection, elle s'éloigne de la droite Di. La section KH, 
sure qu'on la prolouge, s'approche de la droite Di. 

Il en résulte donc nécessairement que les deux sections se coupent; soit au 
point 4. Menons la perpendiculaire HB à l'axe de la parabole, et menons du 
point également une droite parallèle à DL. Soit HEM. Chacun des deux 
ngles HBE et EDM est donc semblable au triangle DRL. HB est alors égal 
à BE, et ED égal à DM. D'où le rapport de HE à EE est égal au rapport de LD à 
DK, égal au rapport de ME à ED, et égal au rapport de HM à ED. Le rapport 
de HM à BD est donc égal au rapport de LD à DK, c’est-à-dire au rapport de 
&K à KL. Le rapport du produit de HM par ED au produit de BD par DE est 
done égal au rapport de GK à RI, qui est égal au rapport du produit de GK par 
KL au carré de KL. Mais ED est égal à DM, et DM est égal à Hi. Le rapport du 
produit de Hi par Hi au produit de BD par DE est donc égal au rapport du 
produit de &R par RL au carré de RL. Or le produit de HN par Hi est égal au 
produit de GK par RL. Done le produit de BD par DE est égal au carré de RT, 
c'est-à-dire au carré de DR. Mais DK est égal à DC. Le produit de BD par DE est 
donc égal au carré de D. Puisque K€ est le double de 5, le produit de K€ par 
©D est égal au double du carré de RL. Le point L est donc à l’intérieur / de la 
section <la parabole). La parabole! coupe donc la droite Di au-delà du point 
L. Le point se trouve donc au-delà du point . La droite HE est donc au-delà 
de la droite RE. La droite BD est done plus grande que la droite DK. Mais le 
produit de HD par DE est égal au carré de DR. Done DE est plus petit que DR. 
Done il est plus petit que Bt. Or Ec est plus petit que le double de 5e. Et le 
produit de BG par CD est égal au carré de AB. Mais HB est égal à BE. Le produit 
de HG par CD est done égal au carré de #6. Le produit de BG par CE est donc 
plus petit que le double du carré de Eÿ. EG est done plus petit que EB. Le dou- 
ble de EE est donc plus grand que Ke. Il est done possible de construire sur la 
droite BC un triangle isocèle tel que sa base soit la droite BG et que chacun des 
deux côtés qui restent soit égal à BE. Que ce triangle soit le triangle ARG. Joi- 
gnons AD et AE. Puisque AC est égal à EF, le produit de HG par CD est égal au 
carré de GA; done le triangle XCD est semblable au triangle ABG. Le rapport de 
5 à CA est donc égal au rapport de AG à üb. L'angle EAD est done égal à l'an- 
gle ABC, qui est égal à l'angle 105. L'angle EAD est donc égal à l'angle AGH. La 
droite AD est done égale à la droite €b. Le produit de BD par DE est donc égal 
au carré de Ba. Le triangle ADE est alors semblable au triangle ABD. L'angle 
DAE est done égal à l'angle ABD, qui est égal à l'angle Ac. Donc, suivant 
la grandeur par laquelle l'angle ACB est une seule partie, l'angle KEB est trois 


me- 


L. Lite: Ja section. 
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égal au carré de DA. Mais DA est égal à DC, car l'angle CAD est égal à l'angle 
ACD. Done le produit de BD par DE est égal au carré de DC. Puisque chacun des 
deux angles CAD et DAE est égal à l'angle ABD, qui est égal à l'angle ACD, 
l'angle AFE est trois fois l'angle AGE; l'angle BKC est cinq fois l'angle ACB; et 
l'angle EAC est le double de l'angle ACB. Donc l'angle BAË est trois fois l'angle 
AG. Done l'angle BAE est égal à l'angle AE, D'où la droite AB est égale à la 
droite BE. Le produit de BC par CD est donc égal au carré de ER. 

Posons DK égal à DE, et élevons au point K la perpendiculaire osons-la 
égale à KD; élevons également au point 5 la perpendiculaire BG et posons-la 
égale à DR, Joignons GR et BL, et élevons au point 8 la perpeudiculaire 56; 
posons-la égale à BE: joignons HE et prolongeons-le jusqu'à M. DM est alors 

206r égal / à DE. Menons la droite DL jusqu'à ce qu’elle rencontre la droite 5üi; 
soit en T, Puisque HB est parallèle à DM, le rapport de HE à EB est égal au 
port de ME à ED et est égal au rapport de FM à BD; et le rapport de ÎE 
est égal au rapport de K à KD. Done le rapport de FM à BD est égal au rap- 
port de GK à KD. Or le rapport de HM à ED est égal au rapport du produit de 
HN par ED au produit de ED par ED. Done le rapport du produit de A par 
au produit de 5 par ED est égal au rapport de GK à RD, c'est-à-dire au 
rapport de GK à KL, qui est égal au rapport du produit de GK par KL au carré 
de &L. Mais le produit de BD par ED est égal au carré de DG, lequel est égal à RL. 
Donc le produit de HW par ED est égal au produit deGK par RL. Mais ED est égal 
DM et DM est égal à H1. Done le produit de HM par Hi est égal au produit de 
GK par K5. Done l'hyperhole passant par le point K et admettant pour asÿm- 
ptotes les deux droites GDet Di passe par le point H. Que cette hyperbole soit la 
section KH. 
Puisque le produit de F€ par CD est égal au carré de EB, et que EB est 
égal à BK, la parabole dont l'axe est BC et Le côté droit DC, et de sommet ©, 
passe pur le point f. Que cette parabole soit la section CH. Le point f est 
alors l'intersection de ces deux sections. Si donc DC est connu, les deux sections 
seront connues, le point 1 sera conau, et les deux points E et B seront connus. 


Composons celte analyse 


Supposons une droite donnée. Soit CR. Partageons-la en deux moitiés au 
point 5, et élevons aux deux points D et KR deux perpendiculaires; soient 
6 et Posons chacune de DG et KT égale à KD. Joïgnons GK et DI, et 
prolengeons DL jusqu'en T. Faisons passer par le point & l'hyperbole ayant 
206v pour asymptotes les deux droites GD et Di./ Soit la section KH. Prolongeons 
DK du côté de R. Traçons au point € la parabole dont l'axe est CR, de sommet 
le point C, et de côté droit Ja droîte CB. Soit la section CH. Cette section coupe 
la droite DT car tonte droite qui coupe l'axe de la parabole coupe la parabole! 
en deux points de part et d’autre de l'axe. Donc la section CH coupe la droite 


1. Litt,: la éircanférence de la section. 
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done le rapport du produit de FG par GL au produit de EG par D est égal au 

rapport du produit de IE par £E au carré de EB. Mais le produit de PE par €L 

est égal au produit de TE par EB. Donc le produit de EC par CB est égal au 

carré de BE. Done le produit de EG par CD est égal au produit de CB par BD; 
; done le rapport de EC à CB est égal au rapport de FD à DC. Or RC est plus 

grand que CB. Donc DE / est plus grand que 56. Done EN est beaucoup plus 
grand que DG. Done les deux droites BE et BN sont beaucoup plus grandes que 
80. On peut donc construire à partir des droites EB, BN, BC un triangle; soit 
ce triangle le triangle BAC. Chacune des deux droites BA et CA est donc égale 
à 85. Done le produit de CB par 8D est égal au carré de BA. Donc le triangle 
ABD est semblable au triangle ABC; et l'angle BAD est égal à l'angle ACB; et l'an- 
gle ADB est égal à l'angle BAC. Le produit de EG par CD est égal au carré de BE: 
ilest donc égal au carré de x. Le triangle ADG est done semblable au triangle 
REC, et l'angle CAD est égal à l'angle AEC: et l'angle ABC est le double de 
l'angle AEC, car AB est égai à BE. Donc l'angle ABC est le double de l'angle 
5. Donc l'angle ADF est égal à trois fois l'angle CAB. Or l'angle ADE est 
égal à l'angle BAC. Donc l’angle BAC est égal à trois fois l'angle CAD. Or le 
triangle ABC est isocèle; ses deux côtés égaux sont AB et AC; done chacun 
des deux angles ABC et ACB est deux parties suivant la grandeur par la- 
quelle l'angle BAC est trois parties. 

Si donc on construit dans le cercle un triangle semblable au triangle AfC, 
et si on divise chacun des deux angles à la base en deux moitiés, et si on sépare 
de l'angle au sommet un angle égal à un angle à la base, que l’on divise en deux 
moitiés, les angles du triangle se divisent en sept parties égales. Si on mène 
les droites qui séparent les angles jusqu'à la circonférence du cercle, la circon- 
férence du cercle se divise en sept parties égales. /Si on trace leurs cordes, i] 
se forme un heptagone dont les côtés et les angles sont égaux. C'est ce que 
nous voulions construire. 


(Troisième cas) 
De même supposons un triangle isocèle dont chacun des angles à la base 
est une seule partie, et l'angle au sommet cinq parties. 


On détermine l’heptagone à partir de ce triangle par la voie de l'analyse. 
Supposons que nous avons trouvé un triangle répondant à cette propriété, 
Soit le triangle ABG. Et soit chacun des deux angles ABC et ACE une seule 
partie. Soit l'angle BAC cinq parties. Posons l'angle CD égal à l'angle ABC. 
Posons également l'angle DAË égal à l'angle ABC. Puisque l'angle CAD est 
égal à l'angle AG, le triangle ACD est semblable au triangle ABC; d'où le 
rapport de FC à CA est égal au rapport de AC à CD. Le produit de EG par CD est 
donc égal au carré de CA. Mais CA est égal à AB. Le produit de BC par ÉD est 
donc égal au carré de 48. Puisque l'angle DAF est égal à l'angle ABD. le trian- 
ge ADE est semblable au triangle ABD. Le produit de BD par DE est donc 
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Puisque le rapport de LE à Ek, qui est égal à BC, est égal au rapport 
de HB à BE, et est égal au rapport du tout au tout,! le rapport de LH à 
est égal au rapport de HB à BE, qui est égal au rapport du produit de 16 par BE 
au carré de BE, Donc le rapport du produit de LH par CD au produit de EC 
par CD est égal au rapport du produit de HE par HE au carré de BE. Mais le 
produit de EC par CD est égal au carré de DE. Donc produit de LH par CD est 
égal au produit de AB par BE, et CD est égal à LG,et LG est égal à HF, et THest 
égal à GP, done le produit de FG pur GI, est égal au produit de Hf par BE, 
c'est-à-dire IE par EB, Donc l'hyperbole passant par le point E et ayant pour 
asymptotes les deux droites LH et Hi passe par le point &. Soit cette hyperbo- 
le la section EG. Le point G est alors l'intersection des deux hyperboles. Si done 
la droite BE est de grandeur et de position connues, la surface Bi est de gran- 
deur et de forme connues, et le carré NO est de grandeur et de forme connues, 
donc le point 5 sera connu; et les deux droites KB et EH sont de position connue, 
et la section SG est de position connue; et les deux droites HE et 1] sont de po- 
sition connue. Et le point E est de position connue. Done la section FG est de 


position connue; done le point & est l'intersection de deux sections de posi- 
tion connue. 


Si done on mène / du point G la perpendiculaire GB, si on mène la perpen- 
diculaire GRL, et si on pose EC égal à LK, DO est alors égal à LG, d'où le 
produit de CB par BD ést égal au carré de BF, qui est connu. Et on a chacune 
des deux droites EX et AC égale à la droite BE, qui est connue. 


Composons cette analyse: 


Supposons une droite connue; soit BE, Et posons EN égal à $E, Construisons 
sur BN un carré, soit BNSO. Faisons passer par le point $ l'hyperbole ayant 
pour asymptotes les deux droites BN et HO. Soit la section 8G. Joignons BS, et 
prolongeons-le des deux côtés, en H et en L; menons du point E la perpen- 
diculaire EH, et posons-la égale à EB; menons H1 parallèle à BE, et El parallèle 
à 8H; faisons passer par le point E l'hyperbole ayant pour asymptotes les deux 
droites LH et M. Cette section coupe la section $ eur elle s’approche toujours 
de la droite HL. Qu'elle la coupe au point 6. Menons du point & la droite GB 
parallèle à la droite et menons RKGL parallèle à la droite BD; posons DC 
égal à GT. On a BC égal à KL, c’est-à-dire égal à KB. Donc le produit de CB par 
85 est égal au carré de BE, qui est la surface) NO, qui est un carré. Done le 
produit de PG par GL est égal au produit de IE par EB, mais le rapport de LB 
à BK, je veux dire BC, est égal au rapport de HB à HE, je veux dire BE, et est 
égal au rapport de HL à EG; donc le rapport de HB à BE, c'est-à-dire le rapport 
du produit de TE par EB au carré de BF, est égal au rapport de IL à EC, Done le 
rapport du produit de 1E par £B au carré de KB est égal au rapport du produit 
de HE par DC, au produit de EC par CD, et CD est égal à LG, et HL est égal à PC; 


1. C'estaa-dire: Le rapport de la somme de LB | BH àlasomme de BC + BE. 


203v 
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Si donc on sépare de l'angle ACB un angle égal à l'angle CED, et si on 
divise l'angle qui reste en deux moitiés, les trois angles sont égaux aux trois 
angles au point 5. Les angles du triangle ABC seront divisés en sept angles 
égaux. Si done on construit dans le cercle un triangle semblable au triangle 
ABC, et si on divise les deux angles de sa base en deux angles dont chacun 
est égal à chacun des angles au point B, et si on prolonge les droites qui divisent 
les deux angles jusqu'à la circonférence du cercle, <la circonférence du cerele 
se divisé> en sept parties égales, Si on trace les cordes des arcs, il se forme 
dans le cercle une figure qui a sept côtés égaux, et dont les angles sont égaux, 
De cette manière, on peut construire dans Je cercle un heptagone dont les côtés 
et les angles sont égaux. C'est ce que nous voulions construire. 


<Deuxième cas> 


De même nous/considérons le triangle isocèle dont chacun des angles à 
la base est deux parties, et l'angle qui reste trois parties, et nous déterminons 
l'heptagone à partir de ce triangle. 


Par la voie de l'analyse: 


Supposons que nous avons trouvé un triangle répondant à cette propriété; 
soit le triangle ABC. Soit chacun des deux angles B et C deux parties; l’angle 
À est trois parties. Posons l'angle BAD deux parties, prolongeons CE jusqu'à 
E, et posons BE égal à Ba. Le triangle ABD est done semblable au triangle 
AG. Puisque l'angle © est deux parties, le produit de CB par BD est égal au 
carré de BE. Joignons AE. Les deux angles BAE et BEA sont donc égaux. 
Chacun d'eux est done une seule partie, car l'angle ARC est deux parties, et 
l'angle CAD est une partie. Puisque l'angle BAD est deux parties, et l'angle 
BAC trois parties, l'angle CAD est donc égal à l'angle RFC. Done le triangle 
DC est semblable au triangle REC. Donc le produit de EG par CD est égal au 
carré de AC, AC est égal à AB, et AB est égal à BE; done le produit de EC par 

est égal au carré de BE. Le produit de EG par CD est done égal au pro- 
duit de CF par D. Elevons sur la droite BE la perpendiculaire EH et po- 
sons EH égal à BE; menons du point H la droite M1 parallèle à BE. Posons HT 
égal à Joignons HB et mt, prolongeons HR du côté de 5, élevons sur la 
droite BE la perpendiculaire BK, et posons BK égal à #C. Menons du point K une 
droite parallèle à la droite soit la droite RL. Elle rencontre la droite HB; soit 
au point L. LK est donc égal à KB, car BE est égal à EH. Menons du point D 
une droite parallèle à BK; soit DC. Elle coupe la droite BL; soit au point M. 
Menons du point G une droite parallèle à la droite LH; soit GP. Posons EN 
égal à BE,et menons NS parallèle à BK,et 80 parallèle à FC. NO est done égal 
au carré de BE, et le produit de BK par KG est égal au carré de BE, D'où le pro- 
duit de 56 /par GK est égal au produit de 8 par 60. Alors l’hyperbole passant 
par le point $ et ayant pour asymptotes les deux droites DB et FO passe par 
le point 6. Soit cette hyperbole la section SG. 


sv 
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pour asymptotes CH et AL passe par les deux points G et K3 soit la section 
GR: Si donc le carré EG est de position et de grandeur connues les deux sections 
GK et HK sont de position counue, le point K est donc de position connue, et 


le point D est donc de position connue; c’est à partir de ce dernier que l'on 
construit le problème, 


Composons cette analyse: 


Supposons une droite connue quelconque: soit EC. Construisons le carré/ 
ENCC; joignons CH, prolongeons Eli et CG, et séparons HP <égal à HE et 
joignons GP>. Faisons passer par H une hyperbole ayant pour asymptotes 
EC et CG; soit la section HR. Faisons passer par le point & l'hyperbole qui a 
pour asymptotes CH et HP; cette section coupe la section HR car cette section 
s'approche toujours de la droite HE sion prolonge HE, et la section TR s'éloigne 
toujours de la droite HE, si on prolonge HL. Les deux sections se coupent 
done enun point K. Menons KB parallèle à CG, K1 parallèle à CE, et RL paral- 
lèle à MK; posons CA égal à DK; posons À comme centre et traçons un cercle de 
rayon AC; soit le cercle AC. Menons CB égal à CE, et joignons AE, BD, BE. 
Puisque 46 est égal à RD, le produit de AC par ED est égal au produit de KD 
par DE, qui est égal au produit de DR par RI, qui est égal au produit de CH par 
HE, qui est égal au carré de CE. Done le produit de AC par CD est égal au 
carré de CE, je veux dire au carré de CB. Puisque K5 est égal à AC, et CD égal 
à D, AD est égal à KM; puisque le produit de MR par K£ est égal au produit 
de CE par GP, le produit de KM par MH est égal au produit de GC par CH, et le 
rapport de MH à EN est égal au rapport de CH à HG; done Je rapport du produit 
de KM par MH au produit de KM par HN est égal au rapport du produit de CH 
par HG au carré de HG, qui est égal au rapport du produit de PG par GH au car- 
ré de GC. Et le produit de KM par ME est égal au produit de PG par GC; done 
le produit de KM par HN est égal au carré de GC, qui est égal au carré de CE. Et 
NE est égal à DE, et KM est égal à AD;alors le produit de AD par DE est égai au 
carré de GE, je veux dire au carré de CG. Puisque le produit de XC par CD est 
égal au carré de CE, le triangle CBD est semblable au triangle ABC. Donc l’angle 
BDG est égal à l'angle ABC, et l'angle CD est égal à l'angle BAC;/mais l'angle 
est égal à l'angle AGE, donc l'angle BC est égal à l'angle HCD, done la droite Bb 
est égale à la droite BC, donc le produit de AD par DE est égal au carré de DB, 
donc l'angle BED est égal à l'angle AE. et l'angle DBE est égal à l'angle BAD. 
Done l'angle BBE est égai à l'angle C5. Puisque le triangle ABC est semblable au 
triangle CBD. le rapport de ÀB à BC est égal au rapport de BD à DC et BC est 
égal à BD, et BD est égal à EG. Donc le rapport de AB à BD est égal au rapport 
de EG à ©, et le rapport de EG à CD est égal au rapport de AC à CE, et est égal 
au rapport de ÂE, qui reste, à ED, qui reste. Donc le rapport de AB À BD est 
égal au rapport de RE à ED; done les deux angles ABE et ÆBD sont égaux; 
donc les trois angles au point B sont égaux. 
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à HG, qui est égal au rapport du carré de CH au produit de GH par HC, c’est- 
à-dire au produit de HG par DN. 

Or,le produit de Ki par NE est égal au carré de EH. Done le produit de Kh 
par M est égal au produit de HC par ND. Menons KL parallèle à Hi. Le pro- 
duit de MK par RL est donc égal au produit de HP par FG. Donc l'hyperbole qui a 
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<Premier cas> 


Av Commençons donc par trouver/des triangles semblables aux quatre triang- 


les dont nous avons détaillé les angles, et déterminons l'heptagone à partir de 
chacun d'eux. Débutons par le triangle isocèle dont chaeun des angles de la 


base est trois fois l'angle qui reste: on veut déterminer l'heptagone à partir 
de ce triangle. 


Par la voie de l'analyse: 


Supposons que nous avons trouvé un triangle répondant à cette propriét 
soit le triangle ABC. Posons l'angle CBD égal à l'angle BAC ; le triangle ft 
est donc semblable au triangle ABC, et l'angle HDC est égal à l'angle ABC; 
l'angle ABC est égal à l'angle ACB. L'angle BDC est donc égal à l'angle 
5CD. La droite BD est done égale à la droite FC. Puisque le triangle CBD est 
semblable au triangle AC, le rapport de AC à CB est done égal au rapport 
de BG à CD; le produit de AC par CD est done égal au carré de BC. 

Posons l'angle DBÉ égal à l'angle Bac. Les deux triangles ABD et DBE 
sont donc semblables, l'angle HED est donc égal à l'angle ABD, et l'angle 
ABD est deux parties des sept <parties>>; done l'angle BEC est deux parties 
des sept <parties> et l'angle CEE est deux parties des sept <parties_>. 
La droite EC est donc égale à la droite CB. Puisque le triangle DBE est sembla- 
ble au triangle ABD, le produit de AD par DE est égal au carré de DB, et DB est 
égal à 5e, done le produit de Ab par DE est égal au produit de AC par CB, 
et BC est égal à CE; donc le produit de AD par DE est égal au carré de CE, et 
le produit de AC par CD est égal au carré de CE. Construisons alors sur la 
droite EG un carré:! soit CECH. Et prolongeons les deux droites €G et ER jus- 
qu'en 1 et L. Imaginons l'hyperbole qui a pour asymptotes EC et ÊI, passant 
par le point H3 soit la section HR. Menons du point D une droite parallèle à la 

1 droite CT. Elle rencontre alors la section:/soit au point K. Cette droite coupe la 
droite Gi; soit au point N. Séparons IP égal à HE, et joignons les deux droi- 
tes PG et HG. La droite MC coupe la droite DN; soit au point M. CD est donc 
égal à DM, et DE est donc égal à AN. Menons Ki parallèle à DC. Puisque les deux 
droites EC et CI sont les asymptotes® de la section HR, le produit de KD par 
D est égal au produit de HE par EC, qui est égal au carré de CE. Mais le pro- 
duit de AG par CD est égal au carré de CE; la droite KD est donc égale à la droi- 
te XG, et CD est égal à DM. Il reste KM égal à AB, et le produit de AD par DE 
est égal au carré de CE, done le produit de KM par Ni est égal au earré de EC, 
et le rapport de NH à fi est égal au rapport de GH à CH; le rapport du pro- 
duit de KM par NH au produit de RM par MH est donc égal au rapport de Gi 


1. Litt.: un carré d’angles droits. 
2, Lit: ne tombent par sur la section. Cette expression, on le suit, traduit littéralement le grec 


LR n 
OH FOTOS, du verbe G UE LT FU, tomber, se rencontrer. 
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Dans le triangle -3- EBG, l'angle ÉBE est cinq parties des sept parties, 
êt chacun des angles BEC et BCE est une seule partie des sept parties. Dans 
le triangle -4- DBC l'angle BDC est une partie des sept parties, l'angle BCD 
est deux parties des sept parties, et l'angle DBC est quatre parties des sept 
parties. Ces triangles sont quatre triangles dont les angles de chacun sont des 
parties des sept parties de la somme de deux droits, qui se trouve divisée en 
trois parties, selon des divisions différentes. On ne peut pas diviser sept en 
trois parties outre ces quatre espèces de division. Ce sont les espèces que nous 
avons détaillées, et iln’existe pas de parties du nombre> sept qui soient trois 
parties et qui soient différentes de l'ensemble de ces quatre espèces. On ne 
trouve pas dans le cercle un triangle inscrit dont les angles interceptent les 
arcs égaux dont les cordes sont les côtés de l’heptagone, autre que ces quatre 
triangles; si on trouve un triangle semblable à l’un de ces triangles, et si on 
divise ses angles en parties, le cercle se divise en sept parties égales ; si les angles 
interceptent les ares, on a un heptagone dont les côtés et les angles sont égaux. 


Wie 1 
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puissance de ceux qui y parviennent, ès 


t la construction de l'heptagone régu- 
lier dans le cercle, 


Certains Anciens ét certains contemporains y sont parvenus 
avec succès, quoique ce succès renfermât quelque défaut. Pour les Anciens, 
v’est Archimède qui l’a construit; il a en effet écrit un traité pour déterminer 
le côté de l'heptagone, mais il admet un lerume pour sa détermination, sans 
présenter la démonstration. Nous avons, quant à nous, démontré le lemme 
qu'Archimède a utilisé, dans un traité séparé, autre que ce traité. Des contem- 
porains, deux traités nous sont arrivés: dans l'un, on a démontré le lemme 
d'Archimède, pour ensuite fonder la construction à partir de ce dernier; l'autre 
traité est de Abü Sahl al-Husayn b. Rustam al-Qühi: il a déterminé le côté 
de l'heptagone par une droite qu'il a divisée en trois parties selon une propor- 
tion particulière; c'est la droite par laquelle s'achève le lemme d'Archimède. 
Nous n'avons pas trouvé un traité suffisamment développé! d'aucun des Anci- 
ans ni des contemporains dans lequel soient renfermées toutes les manières par 
lesquelles on peut achever la construction de l'heptagone. 

Comme il en était ainsi, nous avons examiné attentivement la construction 
de l'heptagone, et nous avons démontré toutes les manières par lesquelles on 
achève Ja construction de l'heptagone. Nous avons procédé par l'analyse et 
par la synthèse, 

Alors, pour aborder ce sujet? nous disons! 

Nous voulons construire dans un cercle donné une figure heptagonale de côtés 
et d'angles égaux, inscrite dans le cercle. Soit le cercle ABG; nous voulons 
construire dans ce cercle un heptagone inscrit de côtés et d'angles égaux. 


Par la voie de l'analyse: 

Supposons que cela a été achevé, c'est-à-dire l'heptagone ADEBCGH. 
Joïgnons les droites CE, ÉD, BD, DH, BK, BA, CA. Il se forme dans le cercle 
quatre triangles inscrits, dont chacun des angles intercepte un arc ou des 
ares/égaux, dont les cordes sont Les côtés de l'heptagone. 

Nous disons d'abord: on ne peut pas avoir dans le cercle un triangle inscrit 
dont chacun des angles intercepte un are ou des ares de ces ares égaux dont 
les cordes sont les côtés de l'heptagone, et qui soit différent de l'un de cos 
triangles, Car dans le triangle +1: ABC l'angle BAC intercepte l’are BC, qui 
est le septième du cercle. L'angle BAC est done une partie des sept parties de 
la somme® de deux angles droits; l'angle ABC intercepte AGC, qui est les trois 
septièmes du cercle; il est trois parties de sept parties de la somme de deux 
angles droits. De même, l'angle AGB est trois parties de sept parties de la som- 
me de deux droits, Dans le triangle -2- SDK l'angle BDH est trois parties de 
sept parties de la somme de deux droits, et chacun des angles DHB et DBH est 
deux parties des sept parties, 

1. Littéralement: expliqué, 


2! Lit: nous commençons par dir 
3, Litt.: de deux mugles droits, LH. 


exprime toujours ainéi dans le site du texte. 
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340 ROSHDI RASHED 


On a trois racines réelles, dont deux positives: 
Hell , m>a. 
LH prend x : 
Douxième cas: 
GC) = 1 (my) 3 xy =} 
(8) = | Gey) 5 = 


d'où a + ax? = 


On a trois racines réelles, dont une positive x; c’est celle que prend LH. 


Lex + a. 


Troisième et quatrième cas: 
(2) ={(ey) 5 y? — a (x+a)} 
| & | 
| EQ= LÉ est 
d'où a pat 22 a + x. 


On à trois racines réelles dont deux positives: 
el et m>a. 
Dans le troisième cas, il prend #, et dans le quatrième, x, . 


Par le souci d'économie qu’elle révèle, cette récapitulation montre enfin 
que la généralisation d’LH. est un dépassement, non seulement de toutes les 
solutions particulières données par ses prédécesseurs, mais aussi de celles qu'il 
exposait lui-même dans son premier mémoire. L'histoire du problème de l’hep- 
tagone dans les mathématiques arabes apparaît donc sous un jour nouveau 
avec cette démarche générale d'I.H., mais aussi en raison des différentes 
études qu’il a éffectuées sur les courbes; à ces études, bon nombre d'historiens 
n’ont su attribuer l'importance qu’elles méritent. 


TX Traduction du second texte d'Ibn al-Haytham publié dans les pages qui sui- 
vent, (MS Istanbul Atif 1714-19, 200v-210r) 


Au Nom de Dieu Clément et Miséricordieux, que Dieu nous favorise et 
nous mène au but à In perfection. 
Traité de al-Hasan b. al-Hasan b. al-Haÿtham sur la construction de l'hep- 
tagone dans le cercle. 
L'un des problèmes géométriques sur lesquels s'affrontent les géomètres, 
dont se glorifient ceux qui surpassent les autres, et par lesquels se révèle la 


L. Ce texte est la traduction du Traité d-fbn ul-Haytham publié ici-même. 


LA CONSTRUCTION DE L'HEPTAGONE PAR IBN AL-HAYTHAM 339 


Telle est done Ja solution que donne IH. au problème de l'heptagone. 
Ainsi, après avoir énuméré les différents cas possibles, il les étudie tous, Sous 
une apparente diversité, son étude revient essentiellement, pour ainsi dire, 
À résoudre trois équations cubiques. Récapitulons les différents cas afin d'avoir 
cette vue d'ensemble: 


Premier cas: 
Gi) —{ (ay) 3 ya) 


(ee) = ft) à sex 


aa) 


d'où 23 0 = ax? + 2nx. 
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L est done sur la parabole (T) d'axe EG, de sommet E et de côté droit EC. 
D'autre part AI = CG = BD = AD-AC 
d'où AT = AD'AC. 
1 appartient donc à l'hyperbole (2€) de sommet C, d'axe AC et de côté 
droit CD. 
Si donc on pose ED—CE—a et (CA,CG) = (0x,0y) 
on a (Œ) = (ay) 3 ay =x—") 
(0) = (ay) 5 part) 
(00) est une hyperbole équilatère dont le deuxième sommet est D. 
Le point d'intersection est done l'une des deux racines positives, la plus 
grande, de l'équation: 
6 — ax — Dax + a = 0 


La différence entre les démarches d'LH. et d'al-Qüht réside done dans 
le choix des courbes. Mais cette différence en entraîne une autre, plus impor 
tante: LH. a choisi les mêmes courbes dans ce cas et dans celui de (1,5,1), 
aussi l'équation obtenue est-elle la même. Il ne voulait pas seulement résoudre 
le problème, mais parvenir au moyeu du plus petit nombre de courbes nécessai- 
res à la solution du problème de l'heptagone dans tout les cas possibles, C'est 
pourquoi il a opté pour une autre méthode que celle d’al-Qübr, qui ne visait 
pas une solution aussi générale que celle d’LH. 
La synthèse d'al-Qnhi suit immédiatement son analyse: 


Posons AB — AC et AB L AC (voir Fig. 11). Traçons la parabole (©) de sommet 
B, d'axe AB, de côté droit AB: l’hyperbole (J{) de sommet A, d'axe AC, et 
de côté droit AB — AG. Elles se coupent en E. 


Par E on mène EH // AC, EC |} AH. Prenons I sur AC tel que 1C — AH. 


On a EG = GA.GC Léquation de (7{)] 
d'où IC? = GAGC. 

D'autre part AG? = AB.BH Céquation de ()] 
d'où AC? = ACAT d'où le résultat. 


Le reste de la construction se fait comme à l'ordinaire. 
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lyse, al-Qühï suppose que l'on à un segment AB 


en D tels que 


AD.AC = DE 
CB.CD — AC 
Posons ECG LAB ; EC=CD « 
Menons GI//BA et  Al//CG. 
On a IG = AC° = CB.BD 
= CEEC. 


d'où 
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(voir Fig. 10) divisé en C et 


CG = DB. 


Fig. 


10 
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Ona  HB— BE, et BM= BC ; done HM = CE et HL = MC 
ECCM = HM.MC. 

Mais HM-MC = IKKC [puisque HM-MC — KG:GC, équation de (3) 
MC GC IK IK:KC 


%Œ CHR CR RE 

donc 

Mais 

d'où 

Or BD.DC = HF° [équation de (2)1 


d'où  BD.DC— BE°. 
On a done divisé ED en trois parties telles que 
ECCB = CD° @) 
BD.DC = BE°. (4) 

Or d'après (3) ona CD > CB [car EC > CB] et par conséquent EC = 
EB + BC, EC > CD. D'après (4) on a BE > CD [car BD > CD] et per 
conséquent BD — BC + CD, BD > BE. Donc la somme de deux seg+ 
ments queleonques de EB, BC, CD est plus grande que le troisième 


[EB + CD> BC, car CD > BC]. On peut donc construire à partir de 
ces segments le triangle ABC. Cette construction se fait comme précédemment. 


On remarque que, si on pose (CE,CI) = (0x,0y) et CD = a, on retrouve, 
ici encore, les courbes du cas précédent, c'est-à-dire: 


(®) = (y) 39° = a(x+a)} 
(9) = Say) sy = x À 


On montre comme précédemment que (@) et (3) se coupent en H(x, 
et on a la même équation 


2 — 2 ax? — ax + a = 0 


Il reste, pour localiser la différence entre la dernière démarche d'LH. et 
celle d’al-Qühi à reprendre rapidement le texte de ce dernier.’ Dans son and 


pire aur a détrminarion du été de 'haptagone, Nons avons camaulé le mausei de 
40 (1 2224 — 295r). Pour les autres manuscrits, voir F. Sewgia: Geschichte des 


arabischen Schriflums, B. V. (Leiden. 1974). p. 318. 
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dr ABC = # , alors ADAC = A ABC = É 
dance AADC et AABD sont semblables, 
On a alors BD.DC = DA° = BE*. @) 


Le segment ED doit donc être divisé en B et C, tels qu'on ait (1) et (2); mais 
d'est Le Lemme d'Archimède. 


LH. rappelle alors qu'al-Quhi a divisé le segment selon ce rapport pour 
construire le triangle du type (124), et ensuite l’heptagone régulier. Il 
propose d'appliquer une autre méthode que celle d’al-Qüht. Mais avant de 
nous interroger sur cette différence, poursuivons l'exposé de l'analyse d’LH. 

Pour diviser le segment ED en Bet C suivant le rapport donné, posons: 


CK = CD ; KG L CD telque KG = KC; BH L BC tel que BH — BE; 
CL 1 BC (voir traduction Fig. 6). Menons GI |/ KC avec GI — GK et 
joiguons CC et IK. HB coupe GC en M. 


Traçons la parabole (@) de sommet D, d'axe DB, et de côté droit DC. 
Puisque HB° = EB. ona HB°— BD.DC, done H e (P). 
Traçons l'hyperbole (J£) passant par K et admettant CL et CG pour 
asymptotes. Puisque 
KG=KC, ona BM-= BC, d'où HM = EC, 
d'où ECCB = CD° entraine  MH-CB = KG-KC 


Mais HL _MC_ GC 
BCE KC 
où HL.MH _ GCKG 


CBMH 7 KGKC' 
donc MHHL = KGGC, d'où H e(90). 
On a finalement He (t) n (2). 


Si done on connaît C et D, on connaît (@) et (JC), et par conséquent H, On 
connaîtra également B, projection de H, et finalement E, car BH = BE. 


Synthèse: Soit KD un segment quelconque donné, C son milieu; menons 
KG 1 KD telque KG = KC, GI//KC telque GI=KC , CL DK. 
Jvignons GC, TK. 

Traçons l’hyperbole (9{) passant par K et admettant GC et CL pour asymp- 
totes, et la parabole (SP) de sommet D, d'axe KD et de cûté droit CD.() coupe 
(H) en H, pour les raisons invoquées précédemment. 


Menons HB L DK, EH // GC. Prolongeons HB en M et EH en L. 
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Fig 8 


En effet, soit AABC (voirFig. 9); prolongeons BC de part et d'autre en D 
et E respectivement tels que CD—CA et BE — BA. 


A 


E B (a D 


Fig. 9 


Poisque XACB= # , alors XADC = XABC = 7 
donc ABAD = et 3ABD — 4ADB 

doù  AB—AD et AD=—BE, 

Mais 4ABC= TE , alor 4AEB = T 

d'où AAEC = 4BAC. 


AABG et AAEC sont donc semblables. 
Ona EC.CB = CA’ = CD + o) 
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A'ACD est done du type (3.3.1). On se donne done AACD et on augmente 
4ACD de XDCB — x CAD, et on obtient A ABC du type (12,4). 


Fig ? 


id] 


De même si on pose x BCE — 7oona xCEB = F car AEBC = 2, 
ABEC est donc du type (2, 3, 2). 

Sionprend XÆCA=—XECB, ona zxACB— + et 4CAB = T 
AABC est done du type (1, 2, 4). Dé même (voir Fig, 8), si un pose 4 ACG = 


7 
4CAG — 7 
alors AGCB= TE et ACC, 
car 4AGC = xGCB + 4GBC. 
Donc AAGC est du type (15,1). 
Prenons alors XGCD — 4CGD. Or 4CGD = 
car ACGD = x ACG + xGAC 
done 5 
Si donc on prend 4CAG = Ÿ., alors 4 ACE = LE a ACAB = F 
et ABC =. 


Le cas (1, 2, 4) peut donc être ramené à ceux qui précèdent. 


Mais il est possihle de construire un triangle du type (1, 2, 4) sans le ramener 
aux cas précédents. Mais l'analyse montre que l'on revient alors au Lemme 


d'Archimède. 
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Puisque AB—BE ; ona  4BAE — XBEA 
donc ÂABAE=3XACB et ACAE = 2 x ACB 
etona A BAC =5 x ACB. 


Le triangle ABC est donc du type (1,5.1). Par homothétie ou construit 
dans le cercle donné un triangle semblable à ABC, et on obtient l’heptagone. 
Reprenons done la démarche d'I.H., et posons(BD,DG) — (0x, Oy) et CD — a. 


Considérons: 
(er) = (ay) 39° = a(x+a)} 
w) 


= (y) 2 per 2 TS 


(oc ri 


(2) et (x) se coupent nécessairement au point H(xy), telque x #R4 
etys e R? 


En effet: 
Soit fs el — R telle que f(x) = Va(x+a) 
fi ol — R telle que f(x) =x— À 


fi et.f sont monotones croissantes. 


Soit ht JOo[ —> IR telleque h(x) — f(x) —fi(x) 
h est définie monotone croissante, et on a 

lim kx) = —= et lim h(x) = + > 

su ÈS 
11 existe done 2 € J 0, [, unique, tel que A(x;) = 0: x est l'une des deux 
racines positives de l'équation aux abscisses qui s'écrit après simplification 
par (x + a): 

2 — 2 a — ax + a =0. 


LH. construit ensuite un triangle du type (15,1), et par une homothétie il 
construit dans le cercle donné un triangle semblable au premier, et obtient 
finalement l'heptagone. 


4. Cas (12,4) 

Analyse: LH. montre d'abord que l'on peut ramener ce cas à ceux étudiés 
auparavant. Supposons en effet qu'on ait trouvé AABC (voir Fig. 7) tel que 
24, %B, et XC soient dans le rapport (1,2,4). Posons 


3: 


4BCD= 7 ,oua xACD — À d'où 4ADC = 4 ABC + 4BCD = À, 
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HM-HI __GKKL 


BDDE — KL 
Mais HM-HI = GK:KL Léquation de ()] 
done BDDE = KL 
d'où BDDE — CD°« 
Mais KC = 2 CD 
d'où KC.CD = 2KL° : 


L est donc à l'intérieur! de (%). (T) coupe done DI au delà de L, soit au 


point NN. La droite HB est alors au delà de KL, et BD > DK. 


Mais BD-DE = DK° 
donc DE <DK et par conséquent DE < CD et EC < 2CD. 
Mais BC.CD = HE° féquation de (P)] 
et HB=BE 
d'où BCCD = BE 
ton a BCCE < BC2CD et BCCE<2EB donc CE<BE 
[en effet BC= BE + CE d'où (BE+CE).CE <2EB7, alors l'hy- 


pothèse CE = BE où CE> BE conduit à (BE+CE).CE — 2BE° 


(BE + CE).CE>2EB] alors 2BE > BC. 


ou 


Il est donc possible de construire sur BC un triangle isocèle tel que BC 
soit sa base, et que ses côtés soient égaux à BE. Soit AABC. Joignons AD,AE. 


Puisque AC = BE, ona BCCD = AC. 


AACD et AABC sont semblables, d'où 


e = À et _ACAD = AABC = AACB 


d'où AD= CD et BD.DE = AD. 
AADE et AABD ont semblables et 


XDAE = x ABD = XACD 
done AAEB = 3 xXACB. 


1. Cette affirmation est évidente, car: 


Soit Li € (2) de projection K, ui = KGCD, 
Mais KCCD 
d'où KL" 


done KL'>KL e L est àl'intérieur de (4). 
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die HM_CK  HMDE_GK 
D DK BDDE — DK 

d'où 

Mais BDDE — KL° 

done HM.DE = GK:KL. 

Mais DE=DM et DM = HI 

done HMHI = GK-DK. 


L'hyperbole (H) passant par K et admettant pour asymptotes GD et DI p 
donc par H. Mais d’après (2) et l'hypothèse BH — BE, la parabole (T) d’axe 
BC, de sommet C et de côté droit DC, passe par H. 

Donc He(X) n (a). 


Si done l’on connaissait CD, (Æ) et (+) seraient connues, H serait également 
connu, ainsi que E et B. 


Synthèse: Soit CK un segment quelconque donné. Partageons CK au point 
D en deux moitiés, et menons de D et de K les perpendiculaires DG et KL, 
respectivement telles que DG — KL — DK. Joignons GK et DL, et prolon- 
geons DL jusqu'en L. Traçons l'hyperbole (%) passant par K et admettant CD 
et DI pour asymptotes, Traçons aussi la parabole () d'axe CK, de sommet (, 
de côté droit CD. 

(Æ) coupe DI, car toute droite qui coupe l'axe de () coupe (Æ) en deux 
points de part et d'autre de l'axe. Si en outre () dépasse DI. elle s'en éloigne, 
car la droite tangente au point d'intersection coupe DJ. Donc () reste au 
dessus de la tangenté. Si (7) s'éloigne du point d'intersection, elle s'éloigne 
donc de DI. Mais à mesure qu'on prolonge (X), elle s'approche de DI. Il en 
résulte nécessairement que (X) et (P) se coupent, soit en H. 


Du point H, menous la perpendiculaire HB à l'axe de () et HEM || DL. 
AHBE et AEDM sont alors semblables à ADKL, et on a 
HB=BE et ED = DM 


[parallélisme et rapports] 
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même rayon — a — , ils se coupent si BC<2a ; ce qui. H. démontre 
[BE + BN > BC]. 


Le triangle ABC obtenu est du type (2,3,2). Par homothétie, on construit 
dans le cercle donné un triangle semblable à AABC. On note enfin qu'LH. 
procède ici encore par le trisection de ABC, 


3. Cas (1,5,1) 


doser Supposons qu'on ait trouvé un triangle ABC (voir Traduction 
Fig. 4) 


dont 2ABC = 4ACB = Te 4 BAC — ë : 
Posons  ACAD = XABC et XDAE — XABC. 
ACAD et AABC sont semblables, et on a PC AC, 
CA CD 
d'où BCCD— AC et CA — AB 
BC.CD = A4F° (1) 
AADE et AABD sont également semblables, et on a 
BD-DE — AD°- 
Mais AD=CD car  ACAD = xACD 
d'où BD.DE — CD°- 
Puisque CAD — XDAE = XABD = x ACD, on à 
AAËB = 3x ACB 
A BAG = 54 ACB 
AEAC = 2x ACB 
ABAE = 34ACB 
ABAE = XAEB d'où AB = BE. 
D'après (1), ona BCCD = BE°-. (2) 


Posons DK — CD. Menons KL L DK avec KL = KD, et de D la perpen- 
diculaire DG telle que DG — DK. Joignons GK, DL, et de B menons la 
perpendiculaire BH telle que BH = BE. Joiguons EH et prolongeons-la 
jusqu'à M, et prolongeons DL jusqu'à ce qu'il rencontre BH en I. 


Puisque HB//DM , ona 


HE __EM __HM HE _CK 
EB DE BD BE DK 


328 ROSHDI RASHED 


Mais EC>CB, d'où DB>DC, donc BN>DC. 
On à donc 
BD > DC — 2BD > BD + DC 
2BN> BC = BE4+BN>BC. 
On peut alors construire AABC telque BA = AC = BE, 
d'où CB.BD = BA’: 

AABD et ACBA sont done semblables, et on a 
ACAD = 4AEC et  AABC = 24AEC 
AABC=2xCAD et AADB = 34CAD 
ABAC = 34CAD. 


Si done À BAC est trois parties, alors chacun de x ABC et XACB est 
deux parties. On construit dans le cercle donné un triangle semblable à 
ABC, et on obtient finalement l'heptagone. 


[l 


Reprenons donc rapidement la solution d’ I.H.: 
Soit un segment EB, N et E deux points symétriques par rapport à B. 


Construisons le carré BNSO; soit (B0,BC), un repère (0x,0y) et posons 
BE — ü. 


Considérons les deux hyperboles: 
(Hs) = (my) à ay =) 


(TD = (my) à y =2— 


7 x+af 
(C1) et (TC) se coupent nécessairement en G{x, 9) telque x e R! 
En effet: 


Soit fildæl — R teleque f(x) = © 


filet — R  telleque f(x) = 


fiest monotone décroissante, f; est monotone croissante; d'où le résultat, commé 
précédemment. +, unique, est la seule racine positive des trois racines réelles de: 


23 + ax — Zax — a = 0, 


On déduit de G(xwYa): D(0,Y0); L(xowo) et C(0:x). On construit À comme 
intersection des deux cercles C;(B,a) et C,(Csa). Ces deux cercles ont le 
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à LH:CD _ HB.BE 
Lis EC.CD — BE* 
etd'après (1) ona LH.CD = HB.BE 
donc PG.GL = HB.BE = IEEB. 


L'hyperbole (4) passant par E et admettant HL et HI pour asymptotes passe 
done par G. 


Done Ge(x) n (#). 


La projection de G sur BC est D; LIL. déduit alors CB.BD — BE* on 
connaît done BA et AC, Mais il s’agit déjà de la synthèse. 


Synthèse: Soit BE un segment quelconque donné, N le point symétrique 
de E par rapport à B, et le carré BNSO construit sur BN. Traçons l'hyperbole 
(26) passant par S et admettant BN et BO pour asymptotes. Soit Il tel que 
HE LEB et HE = EB, 1 tel que HI // BE et EI // BH. Traçons égale. 
ment l'hyperbole (7) passant par E et admettant HS et HI pour asymp- 
totes, (Æ1) et (A) se coupent au point G car (A) se rapproche indéfiniment 
de HS. 


Soit D la projection de G sur EB, Le HS telque CL /} EB. Posons 
DC=GL et Ke: BO telque GK//EB. 


On a BC = KL = KB 
donc CBBD = BE [équation de 2€]. a) 
Soit PeHI tel queCP//HS, 

où a PG-GL — EIEB [équation de ;]. {2) 


LB _LB _HB_HB _HL 


Mais 

d'où 

donc 

mais CD = LG et HL= PG 
d PCGL _ IEEB 

one ED = 


ECCD — ER 
d'où. d’après (2)  ECCD — ER 
et d'après (1) EC-CD — CB.BD, 
EC _ BD 
CB DC‘ 
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4 est une racine positive de 
2 — ax — Dax La = 0, 
Soit D (x,,0) la projection de K{x,y4) sur CE. 


Soit À e CE tel que CÂA—DK =ys. (€) et (C,) se coupent. Soit B un des points 
d'intersection. Le triangle ABC obtenu est du type (1,3,3). Par une homothétie, 
on construit dans le cercle donné un triangle semblable à AA BC. On remarque 
que LH. procède ici par la trisection de +CBA. On note également que (£,) 
passe par le centre de (C,); les deux cercles sont donc sécants, et on n’a pas besoin 
de l'inégalité portant sur la distance des centres et les rayons. 


2. Deuxième cas (3,2,2). 


Analyse: Supposons qu’on ait trouvé AABC (voir Traduction Fig. 3) dont 
les angles +A, +B, +C sont dans le rapport (3,2,2). 


Alors AABC est isocèle, AB — AC. Soit D e BC telque «BAD = +. 
Prolongeons CB en E telque BE— BA. Alors AABD et ACBA sont 
semblables; on a 


CB.BD = BE. 


AABE est isocèle: <BAE = 4BEA = Ë +B et «CAD = +AEC, donc 
AADC et AEAC sont semblables. 


Ona EC.CD = AC et ECCD = EB° a) 
done ECED = CB.BD. 
Soient. uu segment EH télqne EH 1 BEetEH = BE 


un segment HI  telque HI // BE et HI — BE 
un segment BK  telque BK L BE et BK = BC 
un segment KL telque KL // BCet KL — BC 
un segment DG // BK.6G e KL; DG coupe BL en M. 
Soit P le quatrième sommet du parallèlogramme HLGP. 
Soit Ne BC telque BN— BE et BNSO le carré construit sur BN. 
On a (N,0) = BE° et KB-KG = BE 
d'où DC.CK = NSS0. 


L'hyperbole (4) passant par S et admettant pour asymptotes DB et BO 
passe donc par G. 


LB _LB BH LH _HBBE 


== parallélisme et rapports égaux] 


Ogre BC = BE 
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AABD et ABED sont done semblables. 
<BED = +ABD et +DBE = +BAD 
d'où +DBE = +CBD. 


AABC et ACBD sont semblables, d'où 2% = 5: 
Or BC = BD = EC 
4R CE _ AC AE 


don BD CD CE — ED 
d AB _AE 
d'où BD DE‘ 


E est donc le pied de la bisseetrice de 4DBA, donc #DBE — +ABE. 
L'angle B est donc divisé en trois parties égales. La construction de l'heptagone 
se fait comme précédemment. 


On peut finalement résumer ainsi la solution d’I.H.: 


Soit (CE,CG) un repère (0x,0y). Posons CE — a, et considérons les deux 
hyperboles: 


(A) = € (ay) 32 = 07} 


: 
(a) = Ÿ (ay) i3 = x — 


(SH) et (SC) se coupent nécessairement au point K (x;y) tel que 
% € Jo. 


En effet: 4 
Soit fie] —> R  telque fa) = + 


fall — KR telque fx) = x — 


x—a 

f1 est monotone décroissante; he filx) = +oo et fifa) = a 
150 

f; est monotone croissante; lim fax) = + et f1(0) = à 
es 

h= (fifi): lol —> Rest définie, monotone croissante, et on à 

lim hx)=—0o et Jim  k(x) = + 

30 en 

+30 re 


Ilexiste donc xÿ € J0a[ uniquetelque h(xe) = 0 
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Or KM-MH = HCND — HP:HC. 
Menons KL/IHM , aveeLEHE , ona 
MK-KL = HP:PG, 
done l’hyperbole (4,) passant par € et admettant HC et HL pour asymptotes 
passe aussi par K. 
Ke (#) n (&) 
La projection de K sur CE est le point D. 

Synthèse: Soit CE un segment quelconque; construisons sur CE le carré 
EHGC; plaçons P sur EH tel que HP — HE. Traçons ensuite lhyperbole 
(&£,) passant par H et admettant CE et CG pour asymptotes, et l'hyperbole 
(%,) passant par G et admettant HC et HP pour asymptotes, Les portions de 
(26,) et de (2) dans la bande définie par les deux asymptotes parallèles se 
coupent en K. 

Soient DeCE telque KD //GC 

1 EH telque KI//CE 
LeEH telque KL//MH:; 
{M} = (CH) n (DK) 

Soit À e CE tel que CA — KD. Traçons le cercle (C,) de centre À et dé 
rayon AC, et le cercle (C,) de centre € et de rayon CE. (C,) et (C.) se coupent 
en B, etona 


AC:CD — KD-DC — KD:KI — GH-HE — CE* (équation de (%,)]. 


Paisque CB=—CE ona ACCD = CB' ] 
KD= AC et CD=DM ona AD = KM. 

Mais MK-KL — GCGP [équation de (%,)] 

eu KMMH —GCCH ex MA CH [parallèlisme ] 

RE KM-MH _ CH‘HG _ PG-GH 
KMHN Er 

or KM:MH — PG.GC léquation de (9,)] 

done KMHN = CG =CE et HN=—DE, KM = AD 

d'où ADIDE = CE*' — CC. 

AABC et ABDC sont semblables d'après (1); 
done <BDC = #ABC et +CBD = #BAC, donc BD — BC, 


d'où ADDE = BD' 
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Le reste du Traité sera done consacré à la synthèse de la précédente pro- 
position. Le but est de montrer que chacun de ces triangles donne une con- 
Struction possible de l'heptagone régulier, et que tout autre triangle donné 
par une telle construction est égal à l’un des quatre précédents. 


1. Cas (1,3,3). 
Analyse: supposons qu'on ait trouvé un triangle ABC (voir Traduction, Fig. 2) 
dont les angles A, B, C, sont dans le rapport (1,3,4). AABC est isocèle. Soit 
De AC tel que +CBD = +BAC. ABCD et AABC sont done semblables. 


Ona BD—BC et = 
d'où AC.CD = BC (0 
Soit EeDA telque +DBE — +BAC 
ABD = #BEC — +CBE = 7 
done EC CB. 
Mais ADBE et  AABD sont semblables, 
done AD-DE = DB'- (2) 
Or BD — BC, donc, d'après (1) et (2), 


AD-DE = AC-CD. 
BC = CE, done , d’après (2), AD-DE = CE* (3) 
et, par conséquent AC-CD = CE*+ (4) 
Sur CE, on construit alors le carré CEHG et l'hyperbole (9(;) passant par Æ 
et admettant pour asymptotes CE et CG. La parallèle à CG menée de D coupe 
(FC) en K et GH en N. 
Soit P € HE tel que HP = HE; joignons PG et HC, Le segment HC coupe 
DN en M. 


On a CD—DM et DE = HN. (5) 
Menons KI//DC ; na 
KD-DC — HE-EC — CE* [équation de (J£,)]. (6) 
On a, d'après (4), KD — AC ,et d'après (5), KM — AD. 


D'où, d’après (3) et (5) 
5 nd NH _GH, 
KMNB=CE = 0H 


CH CH' 


done CHCH — ND-HC 
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LH. construit ensuite un triangle du type (12,4) pour achever la solution 
du problème, À part la discussion, historiquement importante (l'intersection 
des courbes), la solution d'I.H., bien que menée différemment, ne se distingue 
pas véritablement de celles données par al-Sa*äni ou al-Quhï. C'est dans son 
deuxième traité qu'il va renouveler la position même du problème de l'heptagone. 


IL Traité sur la construction de l’heptagone. 


Dans l'Introduction à ce Traité, 1. H. affirme qu'il entend dépasser les 
solutions de ce problème, qui ne sont que partielles, pour donner la solution 
générale. 

Il invoque en effet des mathématiciens qui ont déjà traité ce problème; 
il s'agit d'al-Qühi, et d'un anonyme dont la solution se fonde sur le lemme 
d’Archimède, vraisemblablement al-$äfäni. LH. procède donc par l'analyse des 
problèmes, et énonce la proposition suivante: 

Soit un cercle ABC, et supposons le problème résolu. Soit ADEBCCÇH 
l'heptagone régulier obtenu. Soient ABC, BDH, EBC, DBC, quatre triangles 
inscrits. Tout autre triangle formé à partir de ces 7 points est égal à l’un de 
ces quatre triangles (voir Traduction, Fig. 1). 


Ea effet, on a 
LABC: +427 , <B= _ à +C= Eu (13,3) 
DE 482% , «D , <n=% (232) 
BERG AB , «Be , «C2 7 (51) 
4 DBG  4D— 7 , +B= ES à = 2 a42) 


Autrement dit, il n'existe que quatre triplets formés à partir de a, b, ce entiers 
naturels, que à + b + 6 = 7. LH. ne justifie pas cette dernière affirma- 


tion, dont la démonstration est immédiate. Prenons cette démonstration dans 
le style de l'époque: 


on aurait 3a — 7, égalité impossible dans N. Posons b + e>2, onaa<5, 
d'autre part a + b + 6 <3 a , on a a > 2. On peut donc prendre 3 valeurs: 


Supposons en effet à > b >. Il est impossible d'avoir à — b — c, eur 


a ice : al ÿ mi (54) 
+ b+e=3 ; æ 124 
sa (it e (24) 
” bie=4a , ,, «rai 1,8,3 
os (ir AE pr 
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Lo) 


Fig 6 


point dont l'abscisse est l'une des deux racines positives des trois racines 
réelles de l'équation: 


282 ant — ox + 0° — 0. 


Son raisonnement peut ainsi être traduit: 


Suit fOal—+ R à fix) + 
fi est continue, décroissante. 
Soit flMal — R à f(x) = Vale) 
fa est continue, croissante. 
Soit h:l0a] —+ R ; h(x) —fi(x) —fi(x), h est définie, continue, 
déroimante, et lim Ha) = + + H(a)— — av . 
er 
*>0 


Donc il existe x, € J0,a], nique, telque h(x) = 0. xo est l'abscisse du 
point cherché. 
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Mais CD = gps» BC-CD = A 
EC -Aù CE _ 
done CH = gp = ue à d'où CD — CHEC 
D CE _ CD 
d'où CD = CH: 


Donc ADEC et ACDH sont semblables, et par conséquent: 
<DHC=— +EDC, et +DHC = +EDH + +DEH 
+DEH = +HDC 
+EDG = 2 #HDC 
+EDC = 2 +#DEC. 


Os és: DE 00 00. aoû pe cms DE = ED 


ED DE 


= 


Ê 


vpruminm BEL tE, 
donc AECD et AECG sont semblables, et par conséquent 
+CGE = +*ECD et «CCE — «CCD + «GDC 
<EDC= +ECG 
+<ECD —2 +ECG 
+ECD = 2 +EDC 
+ECD = 4 +CED. 


Si maintenant on construit un triangle inscrit dont les angles soient égaux 
à ceux de AECD, et si on divise +ECD en deux moitiés, et chacune delle 
encore en deux moitiés, et +EDC en deux moitiés, les droites ainsi tracées 
divisent le cercle en 7 parties égales. 

On vient done de voir qu'L. H., pour diviser d'abord le segment selon leu 
conditions données, considère (HI, HK) comme un repère rectangulaire, 
Soit donc 

(HLHK) = (0x,0y) ; EH a. 


(E) = ((xy) 3 Y=a(x+a) } 
(90 = {{xy) à y=—x4*} 
x 


11 montre que ces deux courbes doivent nécessairement se couper en un 
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G F_H E 
bte À 


Fig, 5 
Mais EHHI , d'où  FN>HI 
ENDHE , puisque HF< HI. 
Or NF=—FG, don FG >FH 
EH HF ea EH = HI. 
Done EH>HF &  FG>HF 


d'où par homothétie AC > CD et DB > CD. 
On a enfin divisé AB en C et D selon les conditions données. C.Q.F.D. 

La construction de l’heptagone se ramène enfin à celle d’un triangle ECD 
tel que EC — CA et ED = DB. Le cerele circonscrit à ce triangle donne direc- 
tement l'heptagone régulier inscrit. Le procédé d’ I. H. est nettement différent 
de celui, d'Archimède dans la mesure où D et C ne sont pas nécessairement à 
l'intérieur du cercle donné, Or, I.H. s’est déjà assuré de la constructibilité de 
ce triangle puisque: 

AC>CD et DB>CD = AC+4DB>CD 
d'autre part AC = CD-BC et AC> CD = AC<CB 
d'où AC<CD+DB , donc AC—DB< CD 
d'où AC — DB < CD < AC + DB. 

Le rapport des angles de AECD est du type (1,244), c'est-à-dire 
+EDC = 2+CED+ et +ECD = 4+CED. 
Soit DH la bissectrice de #CDE et CG la bissectrice de +ECD, on a 


EH _ ED _ BD p ition EC _ BC 
HE DC = DC d'où par composition Eyy = CD * 
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Fig da 


Fig. 4b 
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Soit HKLHE, HK=HE et HK//IL 
Traçons la parabole (7) d'axe EG, de sommet E et de côté droit EH; d'après 
122 des Coniques on a KE(%) car KH = HE, 

Soit L e (£) tel que L1 1 IE. Prolongeons LI jusqu'en $ tel que 18 = 1H, 
KISH est donc un parallèlogramme. 


Tragons l'hyperhole (9€) passant par J et admettant HK et HS pour asymp- 
totes. (2%) existe d'après IL, 4 des Coniques. 


Or IL // KH et KH est üne asymptote. IL coupe done (2) en un point 
unique J. La demi-droite JL est à l'intérieur de (Æ) et ne rencontre (#) qu'au 
joint J. 
; IL et KH déterminent donc une bande (voir Fig. 4b) dans laquelle on a 

F'H<IH. 

Soit N° un point quelconque donné de (4), alors 
s NF'>NF alors  d(N',HK) <d (NHK) 
si  NF'—+ +o alors d(N'.HK) — 0. 
Donc la pôrtion de (%) dans la bande (IL.HK) est coupée par la portion KL 
de (£) en un point N, 


Soit NM //KI et NU//HK. 
Oua NM-NU = KIIS [d’après l'équation de (Æ)] 
(NB) = (SK). 
Or HFLNU et HILIS, 


done NUHF = SIIH = EH. 

Posons FG=NF . Or FU=FH, donc HG = NU, 
d'où GHHF = EH': 
D'autre part  FE-EH = FN° [équation de (7)]. 
Or FN — FG , donc 

FE-EH = FC. 

Les points E, H, F, C donnent finalement la division cherchée. 

On passe de cette division de EG à celle de AB par une homothétie. 
On a donc DA-AC = DB' 

BC-CD = CA. 

Il reste à montrer que AC > CD et DB> CD, 
Ona  FE-EH = F6 = FN 
or FE>EH 4; d'où FN > EH. 
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() D'autre pat: AHDE = ABGC — ED.EH = BG.BC 


Fe 2h = 9% = ED'= BGAI ED' = AD'AI. 


LH, raisonne directement sur la construction à partir d'un carré, il ne 
mentionne pas la relation (a) implicitement vérifiée et considère la relation (b), 
11 montre que la détermination du couple (E, 1) vérifiant (9) revient à celle 
de E divisant AL = 2AD et vérifiant 


D _E, 
LE  DE* 

C'est-à-dire qu'il ramène le problème à une expression qui ne contient 
plus I. Pour construire E, LH. se sert des deux paraboles dont les côtés droits 
respectifs sont s et S,, mais qu'il ne détermine pas en fonction de AD, qui 
est pourtant la donnée du problème. En effet, s est défini par s = OD'/DL = 
EA°/DE et dépend ainsi du point E, inconnu. On ne peut pas, par conséquent 


prendre E quelconque. D'autre part, on peut montrer que 5, — — 4 
ainsi on ne peut pas construire la deuxième parabole sans connaître le point 


Es! c'est encore de ce point inconnu que dépendent les points 0, F, U. 


2, Tout indique donc que, devant la difficulté précédente, 1. H. reprend 
le problème dans une deuxième partie de son premier Traité, I note d'abord 
que la construction de l'heptagone régulier selon le lemme d’Archimède revient 
en fait à diviser un segment AB de telle sorte que 


DA-AC — DE et BC-CD = AC 
avec AC> DC et DB> DC. 
A C D B 


Prenons EG (voir Fig. 4a) un segment quelconque, H et I deux points de 
EG tels que HI = HE. 


1, A DL, FA DE, 
"LE DL LE 


Considérons un repère de “somwet"" L, Posons AD — a, DE = x, 
ona EUR ne 

a ax)" "i 
d'où a + 2ax = 2x 08 


d'autre part on a LU 4/7 (a— x), OÙ=5 2 d'où D = ete = YE 
5 


127 


3 d'où 
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Fig. 3 


Mais il sait, d’après Archimède, que si on considère un carré A BCD et un 
point E sur AD, BE coupera AC en G et CD en H, de sorte que L est la projec- 
tion de G sur AD; et on a 

ELID = I#: 

Donc à tout point E e AD est associé un point 1 vérifiant cette condition. 
Si de plus AHDE — ABGC, alors on a (9). 

Eu effet, en utilisant les parallèles, on a 
@) Et is D he = AT = ErID. 

K est la projection de G sur BC. 
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(L, F, 0) cette parabole; elle passe également par F, car d'après (6) et (7) 
on a 

LE:s = EF°. (8) 
Posons DQ = DL et joignons LQ. Il coupe EF en U. 


On a LDQ de forme connue — [triangle isocèle] - et +0QU est connu 


[= 1359. Le rapport eg est aussi connu cer o 4 œ : 


Or OD—EA et QD=DL=DA, 


1 
done Q0 = DE , et A est par conséquent connu [ = 7; | : et OOU est 


aussi connu [— 1356]. 
à ue 
De même AOQU est de forme connue et a est connu. 


00 
Ona 0Q=DEet DE —EF, donc 0Q —EF et 


U' 
FE 


2 
est connu. 


L connudonc LUS est connu et 


D'après (8) où a EE coms et F0 De 


E- 
1 
<OUL est connu. 

Done la parabole de diamètre LQ, de sommet L, dont l'angle des ordon- 
nées est OUL et le côté droit est un segment dont le rapport à s est connu, 
passe par 0. Soit (L. R, 0) cette parabole, 


ÉRET = LU: =OU = LUs OU — s, le côté 
OÙ k 
droit]: 


Si done on connaît AD, le point L et la grandeur de S, alors la parabole 
(L.F,0) sera de position connue. Le segment LQ est done de position connue, 
cat +DLQ est connu. s, est également connu, et +QUL est connu, donc 
(L. R, 0) sera de position connue. Le point O sera donc connu, OD sera égale- 
ment connu car 0D L LD, Mais comme OD/DL est connu, et que OD — AE 
et DL — AD, alors AE/AD est connu. On peut done construire le carré 
ABCD selon les conditions du Lemme d'Archimède. 

L'examen attentif de cette analyse d'I.FT. montre qu'elle ne mèue pas à 
la solution du problème d’Archimède, Sans doute est-ce en raison de cette 
difficulté qu'LH. n'a jamais repris la synthèse de sa propre analyse, Examinons 
donc brièvement l'analyse d'I.H. pour localiser cette difficulté, 

Il vient de déterminer un couple (E, 1) sur un segment AD, tel que 


DA-AI = DE Ce) 
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la perpendiculaire DM' sur AC, Elle remplacera DM, et on est ramené aux 
rapports précédents. 


A 1 D E {Li 


Fig. 2 
AACD _ABDL _DL 
ACGH ABEL LE 
DL _EB EB _EA EA_ EÂ 
par conséquent LE = BH ° BG AD AT  ADAI 


On a 


mais DA-AI = DE* 
L 
d'où TH = rs 6) 


Or, d'après (1), AD — DL. Done, la construction se ramène à diviser AL — 
2 AD en un point E tel qu'il vérifie (5). Mais cette division du segment AL 
ne peut se faire qu'à l'aide des coniques. 

Poursuivons done l'analyse et supposons que le segment ait été ainsi parta- 
gé. Prolongeons CD en O et posons DO = AE. 
Menons de E, EF 1 AL tel que EF = DE - voir Fig. 3. On a 


(6) 


Soit DL:s = OD (7) 
La parabole d'axe DL. de côté droit S, passe donc par 0. d'après (7). Soit 
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B K (a 
Fig, 1 
d'où, d'après (3) 
AAMD = AEDH + ABMG. 


Ajoutans communément aux deux membres le quadrilatère MDHG, on a 
ABDE = (AD.H,G) 


Soit ABEL = ACGH , 

Ona ABDL = AADC, et ils sont entre deux parallèles. 
doné LD = DA @) 
APE ABDL = AADC 

| ÂBEL  ACGH 

Menons HN 1 GC, wma HN-} GC=AGHC, 
et de même LE AC = AADC car DM L AM , 
AADC __ DM AC__ DC AC 

a 


AcGH — HN GC CH CC’ 
DC _BE . AC _EB 

CH BH Ÿ CC — BC* 

AACD _EB EB _  EE* 

AcCH BH BG — BHEC 

Si ABCD est un rectangle- voir Fig. 2 - il est donc nécessaire de mener de D 


et par conséquent 


done 
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traité, dévalorisant de ce fait sa contribution. Dans ce traité, en effet, LH. ne 
se démarquait pas de ses prédécesseurs quant à la généralité de son étude, 
laquelle n'était du reste pas exempte d'incertitudes, que l'on a omis de souli- 
guer. Or, dans le deuxième traité, TH. reprend le problème, dont il entreprend 
délibérément l'étude générale, 11 rappelle les limites des travaux de ses pr 
décesseurs, parmi lesquels il cite al-Qühi, et un autre auteur qui pourrait être 
al-$ufäni, comme on le verra. 

En raison de l'importance dé la contribution d'LH. à l’histoire de ce pro- 
Hème, et pour marquer l'évolution interne de sa propre étude, nous examine- 
rons successivement les deux traités en suivant le texte au plus près. même 
au détriment de la brièveté, 


L “La détermination du lemme nu côté de l'heptagone” 

1. Tbn al-Haytham entend jei le lemme donné par Archimède pour la cons- 
tuetion de l'heptagone, On sait en effet qu'Archimède, dans un texte sur la 
construction de l’heptagone conservé seulement dans sa traduction arabe, 
se sert du lemme suivant 
Lemme# Soit ABCD un carré, AC sa diagonale, Prolongeons AD en E et 
traçons BCHE tel que les deux triangles BGC et HDE soient égaux. Menons 
KGI |! BA, on à 

DA + AI = DE* a) 
D=IÀ @) 
Orsi(1) et (2) peuvent être déduites à l'aide de l'égalité des deux triangles BGC 
et HDE, la construction du couple (EI) ne peut être faite qu'à partir des 
sections coniques. Mais Archimède à construit ce couple par la géométrie 
mobile. 

LH. entend done tout d'abord démontrer ce lemme qu'Archimède n’a pas 
véritablement prouvé, J1 commence par essayer de réduire le problème posé, 
et procède en cela par analyse. Joignons donc BD. il coupe AC en M, son 


milieu. On a 
ABMC = AAMD (3) 
ABMC = ABMG + AEDH 
1: Voir C, Schoy, op. cit, pp. 74 sqqe 


2. Notons que ce lemme peut être ramené à trouver sur un segment donué AD un point Jet sur 
soû prolongement un point £ tels que (1) et (2). 
Sion pose AD=ù , ID=y ; DE—x, il vient 
$ { sèu(a—y) 
(a—5)2= (x+3)Y 
af Dax = ve Ÿ a 
équation que l'on peut résoudre à l'aide de l'intersection dés deux couches dont les équations soul 
données par J. La première courbe est une porabale, la seconde. est une hyperbole, 


d'où finalement : 
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trer, l'intersection des courbes utilisées. Pour répondre à cette exigence, les 
mathématiciens ont été conduits, d'une manière plus où moins implicite selon 
le cas, à étudier des propriétés des courbes, telles que: la continuité, la convexi- 
té, leurs comportements asymptotiques. Ces préoccuppations n'apparaissent 
encore qu'à peine dans l'algèbre d’al-Khayyäm; elles sont pourtant présentes 
daus eelle de Sharaf al-Din al-Tüsi, et contribuent ainsi au passage de la théorie 
géométrique des équa au début de la géométrie algébrique. Nous traitons 
ailleurs de cet apport à l'histoire de l'algèbre: nous nous limitons ici au cas 
de l'heptagone régulier, et plus précisément encore aux études de ce problème 
par LE. Importantes du point de vue que l'on vient d'évoquer, ces études 
ont également fortement marqué l’histoire de l'heptagone régulier. 

Rappelons eu effet tout d’abord que l'histoire de ce problème est connue, 
daus ses grandes lignes tout au moins. Elle vient d’être retracée ici même. 
Ses différentes étapes sont jalonnées par les noms d’Abü al-Jüd, d'al-Sijsi, 
d'al-Qübf, d'al-Safäni. Afin de construire l'heptagone, ces éminents mathéma- 
ticiens ont procédé par la coustruction d’un triangle inscrit dans le cercle donné, 
et dent les angles sont dans un certain rapport. Ainsi Abü al-Jüd, et de même 
al-Sijzï, ont considéré le rapport (1,3,3); al-Qühi a étudié séparément les deux 
cas (1,2,4) — qui renvoie au lemme d'Archimède, comme on le verra — et (1,5,1). 
Al-Safäni, quant à lui, a également traité le cas (1,2,4). Telles qu’elles se pré- 
sentent, et faute d'exhiber tous les cas possibles et de les traiter tous, ces solu- 
tions sont done particulières. Or, depuis C. Schoy.s les historiens ne se sont 
pas interrogés eur ce manque de généralité, Pourquoi en effet les mathémati- 
ciens arabes n’ont-ils pu s'élever au-dessus de la particularité des cas de la 
construction de l'heptagone pour les traiter tous? C’est pour répondre à cette 
question que nous nous tournons vers l'oeuvre d'LH.. afin de montrer que cette 
généralisation a bien été accomplie, et qu'elle est de son fait. 

Grâce aux biobibliographes anciens on sait que L.H. a composé deux 
traités sur l'heptagone régulier. Le premier est intitulé “Traité sur la détermi- 
nation du lamme au côté de l'heptagone”. Le deuxième, rédigé plus tardivement, 
a pour titre “Traité sur la construction de l'heptagone”. 

Alors que le premier est connu, traduit eu allemand par C. Schoy,! le 
deuxième ne l'est point. Aussi at-on réduit l'étude d' 


H. à son premier 


3, Voir notre édition (traduction, commentaire: à paraitre) du Trairé d'al-T'üsi, Das Equations. 

4, Voir A. Anbouba, “L'heptagone régulier”, Journal for the History of Arabie Science, 1 (1977), 
73105. 

5, Voir C. Schoy, Die trigonometristhen Lehren des Persischen Astronomen Abi'L-Raïkän Muh. Jon 
Alimad at-Biräni (Hannover, 1927), pp. 12 sa. 

6, Voir Ibn Abi *Ugayhifa, Uyän al'anbà" fi fabagôt al'aiba" (Beyrouth, 1965), pp. 559-560; Thu 

fi, Ta*rikh al-fukama?, ed. J. Lippert, (Leipzig, 1903), p. 167. 

: Voir G. Schoy, pit. pp. 85-91 (traduetion faite à partir du manuscrit d'Indis Office). Nous 
donnons ei une édition de ce Traité. 

3. Nous donnons ici l'édition et la traction française de ce texte. 


La construction de l’heptagone régulier 


par Ibn al-Haytham 


Rosmpt Raswen* 


PARTIR de la deuxième moitié du IXème siècle, les mathématiciens 

arabes se sont attachés à l’étude des problèmes célèbres hérités des 
Alexandrins. Ainsi les deux moyennes, la trisection de l'angle, la construction 
de l'heptagone régulier, notamment, firent l’objet des recherches des plus 
éminents géomètres de l'époque, Ahmad b. Shäkir, Thäbit b, Qurra, Abü al- 
Jüd, al-Sijri, al-Qühi, al-Safäni, Ibn al-Haytham(LH.), parmi bien d'autres. 
Et, comme ces problèmes de construction géométrique ne peuvent être résolus 
au moyen de la règle et du compas, ils constituèrent un thème de controverse 
et de défi entre les géomètres, et un sujet de correspondance et d'entretiens 
À la cour. 

Si l'on connaît mal les raisons scientifiques, mais aussi sociologiques, de 
l'intense activité de ce siècle, on n'ignore pas en revanche quel fut l'apport de 
ces recherches non plus à l’histoire de la géométrie, mais à celle de l'algèbre. 
Woepeke le premier a en effet remarqué quelle fut l'importance des travaux 
sur les deux moyennes et sur la trisection de l’angle pour l'élaboration de la 
théorie géométrique des équations eubiques, telle qu’elle se présente dans 
l'algèbre d'al-Khayyäm. Les géomètres, il est vrai, ont eu recours, pour résou- 
dre ces problèmes, à des courbes autres que les droites et les cercles, et par 
conséquent aux Coniques d'Apollonius. Il est vrai également qu’ils ont procédé 
par l'intersection de ces courbes, et que parfois même, pour ne citer que le 
témoignage d’al-Birüni, ils ont reconnu les polynômes associés.® En un mot, 
ces divers problèmes de construction géométrique ont ainsi constitué un domai- 
ne d'application des courbes coniques. Cette application, à son tour, a fourni 
uon seulement des techniques, mais aussi des concepts, dont la traduction 
algébrique par al-Khayyäm a rendu possible l'élaboration de la toute nouvelle 
théorie des équations eubiques. Mais l'apport de ces recherches à l’histoire 
de l'algèbre ne se borne pas à al-Khayyäm et à sa théorie géométrique des 
équations, C’est en effet au sein de cette tradition de géomètres, et tout particu- 
lièrement chez LH, que surgit une nouvelle exigence: justifier, sinon démon- 


* CNRS. - Paris 
1. Voir Woepcke: L'Algibre d'Omar Alkhayyami (Paris, 1851), et eu particulier les additions pp: 
91125. 
2. Voir le troisième livre d'al-Qänün al-mas‘üdi, édition Imäm Ibrähim Ahmed (Le Caire, 1965), 
pp. 102 eqq. 
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1. Submit the manuscript in duplicate to the Institute for the History 
of Arabic Science. The text should be typewritten, double-spaced, allowing 
ample margins for possible corrections and instructions to the printer. Please 
include a summary in Arabic, if possible, about a third the length of the ori- 
ginal. Otherwise let us have a summary in the language of the paper. 


2, Bibliographical footnotes should be typed separately according to num- 
bers inserted in the text. They should be double-spaced as well, and contain 
an unabbreviated complete citation, For books this includes author, fall title 
(underlined), place, publisher, date, and page numbers, For journals give author, 
title of the article enclosed in quotation marks, journal title (underlined), volume 
aumber, year, pages. After the first quotation, if the reference is repeated, then 
the abbreviation op. cit. may be used, together with the authors name and 
an abbreviated form of the title. 


Examples : 

0. Neugebauer, À History of Ancient Mathematical Astronomy (New York: 
Springer, 1976), p. 123. 

Sevim Tekeli, “Tagi al-Din's Method of Finding the Solar Parameters”, 
Necaci Lugal Armagani, 24 (1968), 707-710. 
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Æ. 8. Kennedy, having retired from the mathematics department of the American University of 
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David A. King has recently been appointed to an associate profesorship at New York University. 
There be tenches Arabic and the history of science, and continues 10 exploit the rich sources for thé 
history of the exact sciences discovered during his extended residence in Cairo. 


Although Keith Perry's professional training and current activity are in computer science, archat- 
ology and ancient technology are his serious avocations. He and Professor Foley are collaborating 
ja a study of stone axe mnufacturing techniques. 


Roshdi Rashed, director of research at the C.N.RS. Institute for the History of Science at the 
University of Paris, studies the history of algebra and geometry. His critical edition of the mathema- 
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The two examples just given involve essentially theoretical issues. But 
tbe author also establishes that, for the most part, Arabic scientific explana- 
tions of natural phenomena were objective, and based upon observation and 
experiment, witness Alhazen’s optics, Ibn Nafïs’ description of the pulmonary 
circulation of the blood, and al-Kindïs mathematical formulation of the rela- 
tion between stimulus and response which anticipated those of Weber and 
Fischer. 

Contrary to general belief, Arabie scientific achievements ere not confined 
to theoretical accamplishbments. They extended also into technological fields, 
eg. windmills, water lifting devices, and the production of gunpowder (by 
Hasan al-Rammäh in 1280). 

In discussing the rapid and complete Arab takeover in Spain, the author 
regards as significant the lightening of the tax burden under the new regime, 
and the widespread local autonomy enjoyed by the populace. Sporadic mani- 
festations of religious fanaticism and repression were rare exceptions to the 
general rule of tolerance. 

Professor Vernet has spared no efforts to produce a balanced account of 
a field which he bas cultivated for many years, There is always room for diffe- 
rences of opinion concerning individual topies, their relative emphasis, treat- 
ment, inclusion, or omission. None of these things detract from our congra- 
tulations to the author upon the publication of this book. We recommend 
it to all who are interested in the history of Arabic science and civilization. 


HikMAT Homsr 


Jastitute for the History of Arabie Science 
University of Aleppo 
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demonstrate rather well the direct application of historical records to frontier 
problems of astrophysics. Thus it can serve as an educational tract for a wide 
range of astronomers, some of whom may otherwise have little sympathy for 
historical studies, 

OWEN GINGERICH 
Center for Astrophysies 
Cambridge, Massachusetts, U.S,A. 


Juan Vernet. La cultura hispanoarabe en Oriente y Octidente, Barcelona, 
Spain: Éditorial Ariel (Ariel Historia), 1978. 395 pages. 


This book is a serious and authoritative description of the glorious accom- 
plishments of the Spanish Arabs, their originality and creative spirit, That 
is why it stresses the fact that Arabic culture transcended mere translation 
and imitation, demonstrating a genius for invention in all branches of know- 
ledge. The author establishes this central thesis by means of adequate examples 
and numerous citations from the original sources, these being backed up by 
a rich and exhaustive bibliography. The book further reveals the deep influ- 
ence exerted by the Hispano-Arabs upon Western culture and its scientific 
expansion during the Renaissance. This in turn shows how great is the debt 
owed by humanity to Arabic civilization, Spanish and Oriental. As the author 
says, a mere listing of the Arabie scientific texts edited at that time suffices 
to establish the validity of the above remarks. 

The book commences with two chapters giving the general historical 
background. Chapter 3 is on the technique of translation. Chapters 4 through 
9 present a detailed chronological exposition of Hispano-Arabic science from 
the teuth well beyond the thirtéenth centuries. Each chapter is organised 
according to subjects, including, when relevant: philosophy, the occult scien< 
ces, mathematics, astronomy, astrology, physics, alchemy, technology, navi- 
gation, geology, botany, zoology, and medicine, The concluding two chapters 
describe Hispano-Arabic art and literature, 

A short review cannot do justice to the wealth of detail devoted to all the 
topics listed above, For instance, the author describes the effect upon the 
European scholastics of speculations by the mutakallimim and the Muslim 
philosophers concerning the nature of time and space, their divisibility or 
indivisibility. He asserts that Averroes’ commentaries on Aristotle’s De coela 
et mundo and the Physics were the basis of one of the greatest reformations 
in human thought, the Copernican revolution, Translated into Latin and stud- 
ied by the young Copernieus at the University of Cracow, the commentaries 
contained critiques of the geocentric system and advocated separating the 
study of theology from that of natural philosophy. 


Book Reviews 


F. Richard Stephenson and David H. Clark, Applications of Early. Astrono- 
mical Records. Bristol: Adam Hilger, Lid,, 1978. ix + 114 pages. £ 9.50 


The English astronomers Stephenson and Clark, whose The Historical 
Supernova received wide critical acclaim, have again teamed up to write this 
brief monograph on early observations, their documentation, and their appli: 
cation to three contemporary astronomical problems, 

The opening chapter gives an overview of the sources, but written on such 
à popular level that it could well have made an article for a general scientific 
journal. Their interesting series of illustrative examples is almost completely 
undocumented with respect 10 sources; they quote, for example, Clavius’ 
eclipse observations from 1559 and 1567 (which now figure prominently in 
J. À. Eddy’s argument that the sun has shrunk elightly since the sixteenth 
century), but without citing chapter, page, or even place and date of publica- 
tion. Similarly, the Islamic examples from Ibn Hayyan and Ibn Yunus are 
scarcely identified, and there is no systematic treatment of the scope and na- 
ture of the Arabie sources. With respect to medieval material, the authors fail 
to specify to wbat extent the chronicles are actually published, nor do they 
mention Renaissance broadsides as documents of potential astronomical 
interest. The Chinese sources fare somewhat better because Stephenson has a 
remarkable self-taught command of Chinese. But even in this area, the astron- 
omers in the People's Republic of China have now begun to probe the provin- 
cial chroniclés (unmentioned here) with unexpected results including evidence 
for a new star in 1408 that may coincide with Cygnus X-1, the famous black 
hole candidate. 

The following , longer part of the book diseusses, often on a far more tech- 
nical level, the specific applications to solar eclipses, to nova, and to solar 
activity. The eclipses are analyzed for values of the secular acceleration of the 
earth’ rotation, but from the account as written it is difficult to know if the 
authors have included any previously uupublished results. Certainly a subs- 
tantial part of the material on novae and supernovae is lifted from their pre- 
vious book, although not without some confusion:their table 1.2 gives without 
comment an observation of the supernova of 1604 on October 20 whereas in 
The Historical Supernovae October 17 is given. Without pursuing the original 
source, it is impossible to know which is correct, The final chapter gives a very 
short review of the relation of sunspot and auroral records to the problem of 
understanding long-term solar activity. 

Although this work is uneven and often frustratingly superficial, it does 


NOTES AND CORRESPONDENCE 


Dean À. $. Saidan reports that at the University of Jordan, Amman, Salah 
al-Din Hushim has successfully defended a masters thesis which is a study 
of al-Karkhrs Kitäb al Fakhri, The examining committee has recommended 
publication of the thesis. 


Jan Hogendijk (Mathematical Institute, University of Utrecht, P. O. Box 
80.010, 3580 TA, Utrecht, The Netherlands) is currently preparing a thesis 
on a treatise of the medieval Islamic scientist Ibn al-Haytham (965-1041 A. D.) 
on the theory of conie sections. It is the “Treatise by al-Hasan ibn al-Hasan 
ibn al-Haytham on the Completion of the Book of Conics"’ {Magäla fi tamêm 
kitäb al-makhrütät). 

In this treatise Ibn al-Haytham tries to give a restoration of the eighth 
book of the Conies of Apollonius of Perga, which book had already been lost 
in his time. 

Only one manuseript of the work is known. This is in Manisa, Turkey 
(Genel 1706. see F. Sezgin, Geschichie des arabischen Schrifitums (Leiden: 
Brill, 194, vol. 5, p. 140). It has been published in facsimile, with an intro- 
duction in Turkish and German and a German translation of Ibn al-Haytham's 
preface by N. Terzioglu as: “Das achte Buch zu den “Caniea’ des Apollonius 
vou Perge. Rekonstruiert von Ibn al-Haysam” (Istanbul: Publication of the 
Mathematical Research Institute, 1974), no. 5. 

The thesis is to contain an edition of the Arabic text, with English trans- 
lation and commentary. There will also be an extensive introduction on the 
place of this treatise within Islamic mathematics. 
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à lui à Alep fin des années cinquante, et publiée dans les quatre langues: arabe, 
allemande, anglaise et française. 

T1 a été aussi un des assidus collaborateurs aux différents Congrès Mondiaux 
de l'Histoire des Sciences et ses conférences et articles ont été faits dans les 
trois langues: allemande, anglaise et française. 

Sa culture multi-linguale a fait de lui une éminente personnalité parmi 
les arabisants et les orientalistes du monde entier, ainsi que parmi ceux qui 
s'interressent à l'Histoire et à la Philosophie des Sciences arabes et islamiques. 


Éloge 
MOHAMMAD YAHYA AL-HASCHMI 


Par Taha 1. Kayali* 


LA FIN du mois d’Août 1979, le Prof. Dr. M. Y. al-Haschmi est décédé 
à l'âge de 75 ans, après un court séjours à l'hôpital universitaire, à la 
suite d’un accident vasculaire cérébral. 

Prof. Dr. Al-Haschmi était un des rares syriens qui se sont donnés corps 
et âme à l’histoire et à la philosophie des sciences et tout particulièrement à 
l'histoire de l'héritage et du patrimoine arabo-islamique. 

Né à Alep en 1904, il y resta jusqu'à la fin de ses études secondaires, Pen- 
dant les annés vingt et trente, il séjourna en Allemagne pour se consacrer à 
l'étude des sciences physico-chimiques et obtint le Doctorat en Chimie et en 
Philosophie de l'Université de Tübingen, après avoir présenté une étude appro- 
fondie sur le livre de al-Bairouni: Je livre des Pierres. À son retour à sa ville 
natale, Alep, il y enseigna la chimie dans les écoles secondaires puis à l'Ecole 
des Ingénieurs jusqu'à l’âge de la retraite, Mais pendant toute cette longue 
période, il n’a cessé de travailler à l'histoire et à la philosophie des sciences 
arabes. 11 a publié des centaines d'articles et des dizaines de livres. Parmi ces 
derniers, citons quelques uns des plus importants: 

Un livre, Ja‘far al-Sädiq, Promoteur de l'Alchimie (en arabe), 2e édition, 
Alep, 1950, 

Un livre, Die Quellen des Steinbuchs des Beruni, Bonn, 1935. 

Une périodique de la “Société de Recherche Scientifique”, fondée grâce 


* Faculté de Médecine, Université d'Alep. 
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may presume that shortly thereafter al-Zarqâllu moved from troubled Toledo 
to Cordova, and that he wrote a new treatise for al-Mu‘tamid to compensate 
for the fact that he had previously written one, or maybe even two, for al- 
Mu‘tamid’e rival al-Ma’mün, 

Now that all of al-Zarqällu’s treatises on his safila, as well us a treatise 
by him on the planisphaerie astrolabe, are known to exist in the original Arabic. 
a closer investigation of his works on instruments would be worthwhile, In 
such an investigation it should be borne in mind that the available evidence 
does not indicate that the astronomers of Muslim Spain contributed much 
that was original, and the extent to which al-Zarqällu might have been influ- 
enced by earlier Eastern Arabie sources must remain a matter of speculation. 
The early ninth-century Damaseus astronomer Habash is known to have 
written on the plate of horizons, to which the single shakkäziya plate is closely 
related. His treatise is lost, but another was written by the mid-tenth cen- 
tury scholar of Shiraz, al-Sij2t, and this has recently been located in a onique 
copy in Damascus.®* It may eventually be possible to prove that the shakkä- 
siya grid is of Greek origin" I find it eurious that the Europoan name for 
this plate was “meteoroscope"# Ptolemy used the terms astrolabe and 
meteoroscope, the first referring to both spherical and planisphaerie iustru- 
ments, and the second. known only from the commentary of Pappus to Book V 
ofthe Almagest, referring to a related spherical instrument. 


22, The evidence for bis is a remark by a later Maghribi astronomer al-Thaqoi, recorded by Morley 
in Gunther, J, p. 7. note 12 . (For Morley"s  Hanash" read “Hahash".) 

23. MS Damascus Zähiriya 9255, copied en. 1900 AD, On al-Sij 
Dold-Samplonius. 

24. See Samsë 4, pe 2. 

25. See for example, Mari 

26. See Rome and Neugebouer, 11, p. HAT. 


see the article in DSE hy Y. 


Notes added in proof 

L'The Aya Sofia manuscript of the treatise in UO éhupters mentioned in note 21 is in fact 
anonymous. However, another copy of what appears to bé the same work. now arranged in 79 
chpters sad attributed to alZarqällu, has come to light in MS Tstanbul Nurosmaniye 2926,6 
ol. Hür-150r, late copy in two different handé). 

2, Prof. Franz Rosenthal of Yale University kindly suggested to me various minor corrections 
10 my reudings of difficult passages and À have incorporated tliose into te text of he article, In 
particular Prof, Rosenthal nowed that in the extract from al-Boklamsht presented on p. 444 + 
#hould perhaps read aaçfurlé almughnf.… almustanbat min alsarkäliya wu-lshakkastya, which 
would mean the universal astrolabe.… derived from the sorgälliya and the shakkäztya (plates) 
This not only makes better sense but also accords with the fact that one of al-Baklumeht'e pr 
decesors in 8 the fourteenth century bad compiled a treatise on a universal instrument which 
he labelled alagjarläb al-mughni. À translation of this treatise is contained in my  forthcoming 
monograph on ths instruments of Ibn al-Sarräj (see note 20 above), which is to be published by the 
Benaki Museum. 


Plate 5: The universal astrolabe of Ibn al-Surräj preserved in the Benaki Museum in Athens. This 
instrument differs from that of “AI ibn Khalaf in that it contains a series of plates and a special trigono- 
metric grid on the back; it is in fact an astrolabe which can be used universally in four different ways. 

(ourtesy Benaki Museum, Athens) 
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used in all of the known tréatisés on the instrument thereafter, except for 
those noted above, When the universal astrolabe was invented again in Aleppo 
in the early fourteenth century by the astronomer bn al-Sarräj# who 
says he hit upon the idea after contemplating the solution of the problem of 
determining the hour angle from a celestial altitude with a shakkäziya plate, 
he called the instrument al-Sarréjiya after himself. Nevertheless, the idea 
behind his instrument, illustrated in Plate 5, goes back at least 10 a herbalist 
of eleventh-century Toledo. 

According to the dates given in the Leiden manuscript al-Zarqällu wrote 
his treatise on the sufiha sargälliya almost twenty-five years before Ibn Khaluf 
made his universal astrolabe for al-Ma'mün, Our source states that Jbn Khalaf 
actually made an instrument for al-Ma‘mün, but his treatise on its use in the 
Libros del Saber is also dedicated to al-Ma’mün. Now al-Zarqällu wrote three 
separate treatises on his instrument, rather than two as is generally acknow- 
ledged. Those in 100 and 60 chapters are well known, and are both now available 
in the original Arabic; also, a unique copy of a treatise in 80 chapters by al- 
Zarqällu, dedicated to a ruler whose name is not specifically mentioned, has 
recently been identified in Istanbul. This treatise contains a star catalogue 
for the year 459 Hijra (— 1067) and thus postdates his treatise in 100 chapters, 
if this was indeed compiled about 440 Hijra. The treatise in 60 chapters is in 
some versions dedicated to the amir al-Mu‘tamid ibn “Abbäd, who came to 
power in 461 Hijra (= 1069) when al-Ma’mün was still in power in Toledo, 
and who finally wrested Cordova from al-Ma’mün in 471 Hijra 1078). We 


20. On Thn al-Sarräj see Suter, no. 508 (confused), and on his astrolabe see Gunélier, I, pp. 284- 
205 and Maddison-Turner, no. 61. 1 have prepared a detailed analysis of this inétrument uéing some 
medieval treatises on its use: see King 2 for a summary, 

21. À unique copy of a treatise in 80 chapters dedicated to a ruler who js not named (probably the 
Caliph al-Ma”mün of Toledo) is MS Istanbol Aya Sofia 2671,1 (fols. 1r-75r, 621H). This manuscript, 
listed in Krause, p. 482, bas not been previously identified as a copy of a treatise distinct frora the 
other two (see below). The same Istanbul manuxeript contains (fols. 133v-151v, /. Krause, p. 525, 
no. 15) a treatise on the plnispheric ustrolabe which ean from internal evidence aleo be attributed to 
al-Zarqällu. See the first note added in proof on p. 255. 

The treatise in 100 chapters is extant in several manuscripts, inclnding MSS Excorial 962 (c/: Re- 
, p. 101), Istanbul Eeat 4804,3 (fols. 123-146, 665H — lieted as anonymous in Krause, p. 526), and 
Dâr alKutnb miqdt 647 (61 fole,, ca. 600H). IE was trandlated into Castilian and included in 
the Libros del Saber (II, pp. 195-297). 

Al-Zarqällu"s treatise in 61 chapters is extant in MS Caico Dar al-Kutub hay'a 40 (54 fols,, ea. 50H, 
anonymous). Two Inter copies of the same treatise (both entitled al-Shakkästya — f. King 1, pe 219. 
note 1) arranged in 60 ehapters are MSS Istanbul University Library A4900 and Cuiro Taymür riyäda 
11,4. This treatise was translated into Hebrew and Latin (both publiched in Milläs 3) and exerted 
considerable influence in Europe (. Poule). 

Also related to these is an anonymous treatiée in 130 chapters extant in MS Leipzig Kurl-Marx- 
Universitätsbibliothek 800 (ef. Millés 2, pp: 447-448). This was either incorporated into or taken 
from the Kitéb Jämi al-mabédi' we’t-ghäyät of Abû “AN al-Marrä kushi, a compendiun où antronomi 
al instruments éompiled in Cairo in the late thirteenth century (cf. Sédillt-fils, especially p. 183-184). 
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we have mentioned before and who was known as al-Sh'wy" had made an 
instrument in 464 Hijra (= 1071-72) for al-Ma’mün, amir of Toledo, which 
he had called al-as{urlàb al-Mamäni, and which had a universal (set of) hori- 
zon(s). The orthography al-Sh'wy is easily conceived as a corruption of al- 
Shajjäx, especially by an Egyptian who might have been influenced by a well- 
attested name like al-Sakhäwr. The Arabic text reads as follows: 
gl po al [I] el ce odbé 64 Je ob of Les Alle Re 5e pre SANG 
[1 Yael dub ÿ ol LU 629 ds os di A 8 paul 
gi QU AU CA GUN pool gel pl 05 pl pl él ps + 4e à 
pro Al qe qu ie sue ob Qu Le Jai G es Ç'UG à LA] 46,31 Led 
DST cl gi SOU De seit Sous e 8 quil [IT él o Gbe de ct of 
dell YU Lis Dÿl D ul Slt du AN ge Alle ze dd 5 il gl 
Je ab els dés gite Jia Ni 26 


Compare the published text of $4‘id al-Andalusi: 
ue à pral gel ls el ce lé de de getl ji lee s dede de ce pes ve ue 
Diteue AIT Gad pet os Je ad GA pulse JG Ads css li AN 

From these sources preserved in El Escorial, Hyderabad, and Leiden, 
we might perhaps conelude that shakkäz is a corruption of shajjär, “’herbalist”, 
The confusion of a Maghribi j for a k by a nou-Maghribi copyist is conceivable, 
and the change from r to + in Arabic requires only a dot. The Hyderabad 
manuseript informs us that the astronomer al-Shajjär bore the name “Al. 
The Leiden manuscript informs us that al-Shajjär (written al-Sh'wy) was 
none other than SA ibn Khalaf himself. Since the Escorial manuscript refers 
to this individual as Abu'l-Shajjär it might be that we should read Ibn al- 
Shajjär and consider the epithet al-Shajjär as referring to “Alï's father Khalaf. 
SA himself is referred to by Säfid al-Andalusi as al-Saydaläni, “the 
apothecary”, On the other hand there is no reason why “Ali ibn Khalaf could 
not have been both à herbalist and an apothecary. 

The fact that some medieval authors, or at least copyists, were uneasy 
about the orthography of al-shakkäz is indicated by the existence of an anony- 
mous treatise on the safiha shakkäztya entitled al-Sakkäjtya,* and by the 
feet that in a treatise by an individual named Abu'l-Fath ibn Abd al-Rahmän 
al-Danüshiri, the shakkäsi quadrant is called rub° al-shankaziya# But even 
Abü SAIS al-Marräkushf, an astronomer of Moroccan origin who worked in 
Cairo in the late thirteenth century, used the term shakkësiya,* which was 


17, Extant in MS$ Cairo Där al-Kutub Zakiya 706,1 (fols. 1v-Bv, ea. L100H) and Alexandria Mu 
nicipal Library D 2052, 1 (fols. 1v-l8r, co. 1150). 

18, Extant in MS Tunis Sadidiya Ridwän 108 (not examined): ef. Samsé 1, p. 391, und 3, p. 183. 

19. CP Sédülot-fils, p, 183, On Abà “AI al-Marräkushi see Suter, 0. 363. 
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Plate 4: The alidade to be used with al-Zarqällu's plate, illustrated in the Libros des Saber 
(Courtesy Harvard University Library and Owen J. Gingerich) 
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The appellation shajjär is attested in classical Magbribi Arabic and means 
“botanist® in the modern sense of “herbalist.”® For reasons which become 
apparent below, L think that Ibn al-Shajjar is more likely thau the Abul- 
Shaÿjär which oceurs in the text. Névertheless, this text seems 10 imply that 
al-Zarqällu wrote an early treatise on his plate, that Abü/bn'l-Shaÿjär added 
a rete to this plate, and that al-Zarqällu was thereby prompted to write his 
treatise in 100 chapters. 

A second source for our study is the unique copy of the Zij of Ibn Ishäq, 
an astronomer of thirteenth-century Tunis, recently rediscovered in MS 
Hyderabad Andra Pradesh State Central Library 298 (440 pp. copied ca, 
800H). This work is a valuable new source for the bistory of astronomy in 
the Maghrib, In a list of earlier observers Ibn Isbäq lists two individuals AIT 
al-Shajjär and Ibn Wäñd as astronomers who made observations in Toledo 
in 477 Hijra (— 1084-85). From this information, we learn that Abü/Îbn al- 
Shajjär was named “AN and that he collaborated with Ibn Wäfd, who is well. 
known for bis work on pharmacology ard medicine. However, Ibn Wañd’s 
date of death is gencrally accepted as 1075 A. D. 

Our third new source is MS Leiden Universiteitshibliotheek 468 (282 fols., 
copied ca. 750H), a unique incomplete copy of a treatise on timekecping by 
an unidentified early-fourteenth-century Égyptian astronomer* Here the 
author quotes a version of Sä‘id al-AndalusTs 7abaqät al-umam, and mentions 
(fol. 88r) Abu'l-Hasan AN ibn Khalaf ibn Khyr(!) al-Saydalänt (written 
without diacritical marks) along with al-Zarqällu as a scholar of Toledo and 
as a distinguished géometer (here the name is simply al-Saydaläni although 
actually the manuscript has al-Sandalänt). However, later in the text (fol. 
90v), our author quotes a different work by Sä‘id al-Andalust entitled Kitäb 
Tabaqät al-hukama"? and states that al-Zarqällu wrote a treatise in 100 
chapters on an instrument called the sargélliya which he invented around 
440 Hijra (1048-49), and that Abu'l-Hasan “AN ibn Khalaf ibn Akhyr “whom 


12. Desy, 1, pe 70. 

13, On Thn Ishäq see Suter, no. 156. 

14, On Thn Wäfd (1008-1075) see the article in DSB by J. Vernet. He was not previously kuown 
tü have conducted astrouomical vbrérvations. 

15. On this manvseript see loorhoeve, p. 153, The work is based mainly on the troatise of AbQ “AI 
al-Marräkusht (rec note 19 below) and the thirteenth-ceutary Fgyptian Musalah Zij, but it also con- 
ntereating historicel infor 
6. On the available works of al 

1245. 
His of interest that the Egyptlun scholar Ibn al-Qifit (on whom ses the article *Tbu al- 
Æls by A. Dietrich) used the Fübaqt alumum of S$%*id al-Andulust, but Lbn al-Qifti's biographical 
dictionary is extant only in a recension in which AIG ÿbn Khalaf is not mentioned. À more caréful 
of the historical and bio-bibliographieul material in the Leiden manueript would be 
not least berause the author adds to his quotes from Sa‘id alAndalusi's works some 
ientists from the thirteenth century whose names are new (à the 


adalusi see the remiarks of R, Blachère in Sd*id al-Andalust, 


information on several Egypt 
modern literature, 
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Plate 3: The rete of “Ali ibn Khalaf's universal astrolabe illustrated in MS Madrid Biblioteca 
Nacional L 97. 


(Courtesy Biblioteca Nacional, Madrid) 
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no biographical information) extant in the unique copy MS Cuiro Taymür 
riyäda 159,1 (pp. 1-61, copied 1320H!), we read: 
Je Le N sn ls aGbul el Je Lens 45 quil, éautt 3 ll els Le Q aes 
JU plu del gl pit inde gl dl jet Je pre del OPA EE 
uso er dos SN get qu Lun y 8 LE Gp Goma à AT au V3 

When L saw chat people in former times and recently had prepared many troatises on instru- 
ments for timekeeping, especially on the aetrolabe, but no one bad prepared a treatise on either of the 
two safihas,L mean the safiha of Shaykh Abû Isbäq Ibrähim of Toledo, known as al-Zarqälla, may 
God have meroy upon him, and the ja/fha attributed to al-Shakkäsï, and since these two instruments 
are nevertheless the best ones because of their universality... 


If al-Tujibi thought so much of al-Shakkäzïe safiha it is curious that he 
did not invoke God's mercy on al-Shakkäzï as well as on al-Zarqällu. I suspect 
that al-Tujibi was not too sure about the identity of al-Shakkäzï, In the trea- 
tise on the single shakkäziya quadrant by the early fourteenth-century Aleppo 
astronomer “Al” al-Din Tibughä al-Dawadär al-Baklamshi, extant in MS 
Cairo Där al-Kutub miqät 774 (14 fols., copied 864H),° we find already some 
confusion between the personal name al-Shakkäzi aud the instrument al- 
shakkäziya: [See the note added in proof on p. 255] 
REG, Je Le LOV os ll JR est Jus GUY NI gs qi 455 du Li 

.. Thére has already been made à universal (mughni = dispensing with plates for different Intitudes) 
astrolabe for solving astronomical problems for all latitudes, invented by al-Zarqällu and al-shakkäsiya.. 

I shall now present three new sources which seem to indicate that al- 
shakkäzi(ya)is a corruption of another word. We begin with MS Escorial ar. 
962 (82 fols., copied ca. 700H?) of al-Zarqällu’s treatise in 100 chapters on the 
use of his safiha. In the colophon of this particular copy of his treatise (fols. 
81v-82r)"! we read the following onte: 

SüYi, OUI 5 321 db miel G dBoyl pdt db gl aout Jet il LES 
vie Le di Mi soi RU pes lé Loele doÿ à abmtll gl jee au Lel Lee Gi as 
dé ble Je Sl Les 


which seems to mean (free translation): 
The book of. al-Zarqallu of the plate which is universal for all latitudes and horizons is finidhed. 
This is the plate which be constructed Gnally (?) after Abu’kShajjär had made another plate 
similar 40 al-Zarqällu'e first plate but on which he had construeted a rete. This led to al-Zargäle 
lus making the instrument described in this treatiseMay God bless aud save our Lord Muhammad, 


10. On ül-Baklamshi see Brockélmann, 11, p. 135, and SIT, pe 167. Hajjt Khalifa states that al 
Baklomshï invented the Shakkdfya quadrant (see Samsé-Catalé, pp. 7 and 11), by which is meant 
that he was (perhaps) the first to consider the colution of problems of spherical astronomy approxi- 
mately using a quudrant of shakkSiya eurves and a thread attached ut the centre. The treatise attri- 
bated to Ibn Tibughà preserved in MS Cairo Dar al-Kutub migat 69,4, fols, 63v-73v, copied BO3H, 
which is considered in Samsé-Coralé, may be by “Al iba Tibughä, a muwaggit of Aleppo who wat 
perhups the son of al-Baklamshi. Another copy of the treatise by TibughA al-Baklamehi himself is MS 
Prineeton Mach 4912 — Yehuda 373, fols, 149v-157y, eopied 1060H, 
11, CF Renaud, p, 501. 


Saber. 


d 


surqälliya plate illustrated in the Libros del 
(Courtesy Harvard University Library and Owen J. Gingericb) 
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is mentioned along with al-Zarqällu in the éleventh-century biographical 
work entitled Tabagôt akumam by Said al-Andalusi (born Almeria, 480/ 
1099, fl. Toledo, died 456/1064).° His astrolabe, which is known only from 
the description in the thirteenth-century Libros del Saber, bears a rete, shown 
in Plate 3, part of which is a semicirele of shakkäztya curves. This rotates over 
a shakkästya plate, and with such a device, problems of spherical astronomy, 
which are essentially problems of conversion of cvordinates on the celestial 
sphere, can be solved with facility for any latitude, Al-Zarqällu proposed 
an alidade fitted with a perpendicular rule, shown in Plate 4, to replace the 
rete of Ibn Khalaf”s astrolabe, and both devices can be used toward the same 
end, namely, the solution of problems of spherical astronomy for all latitudes. 
Since Ibn Khalaf’s rète for his universal astrolabe also included a projection 
of the ecliptie and the fixed stars, his instrument is superior to al-Zargällus 
plate and alidade.ï 

In later Iélamic astronomy bn Khalaf*s astrolabe was apparently not 
known outside Andalusia, but both the safika shakkäiya, with one set of 
shakkäsiya markings, and the safifa zargälliya, with two sets, were popular, 
and there are several later treatises in Arabic, Persian, and Turkish, on the 
use of one or the other” In some recent publications Profs. J. Samsô Moya 
and M. A. Catalä have drawn attention to a shakkäriya quadrant, and I have 
discussed a double shakkésiya quadrant. All of our studies were based on 
fourteenth- and fifteenth-century Syrian and Egyptian sources In none 
of these treatises on the universal astrolabe or quadrant currently known to 
me is there an indication of the origin of the mysterious word shakkäziya, 

Prof. Samsô has collected various references to the epithet shalkäs, “bleach- 
ex of hides”, and to & quarter in medieval Toledo where such people worked.® 
Que could infer that the originator of the single plate bearing this grid was 
called al-Shakkäz, so that his plate was called al-safita al-Shakkäsiya and the 
subsequently-developed quadrant was called al-rub® al-Shakkäsi or rub° 
al-Shakkäziya, both of which are attested. This dérivation must be considered 
as a serious possibility. To support Prof. Samsô's thesis I ean oite one medieval 
text which implies that the term shakkäzi relates to the name of the individual 
who invented the grid. In à treatise on the use of the shakkäsiya grid by an 
astronomer named “Abd Alläh ibn Muhammad al-Tujibi (on whom we have 


the recent literature je in Maddison-Turner (preprint), ppe 123-125, Likewise, “AI ibn Kbalaf himself 
is omitted from Suter and Brockelmann, 
Cf. Said al-Andalust, ed., p. 75, and trans. pp. 181-139, See also note 16 below. 
Cf: 3. Vernet in his article #al-Zarqält in DSB, where it is suggested that 
is an instrament superior to that of FAÏi ibn Khalaf. 
7, A survey of Hlamie writings on universal astrolabes au quadrants is in preparation. 
8, Cf. Samsû 1, 2, and 4; Samsé-Cotalé; and King L. 
9. Samsé 3, p. 187. 
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On the Early History of the Universal Astrolabe 
in Islamic Astronomy, and the Origin of the Term 
“Shakkaziya” in Medieval Scientific Arabic 


Davio A. Kinc* 


OR SOME YEARS I have been interested in the origin of the name 

of a medieval Islamic astronomical instrument, the safiha shakkäsiya. 

My interest was first aroused by a remark of Prof. Willy Hartner, who, in his 

valuable study of the astrolabe stated: “another early variety of Al-Zarqälis 

astrolabe is the safïha shakkäziyya (or shakäriyya), about which we do not yet 
possess any accurate information." 

Tbe term shakkäriya relates to a grid as shown in Plate 1, The fafiha of 
al-Zarqällu (fl. Toledo and Cordova, died ca. 1090) consists of two such grids 
superimposed on a single plate at an angle equal to the obliquity of the ecliptic: 
see Plate 2, Al-Zarqällu is known to have proposed such a double shakkäziya 
grid with a special alidade, and this is generally accepted as a simplification of 
the universal astrolabe of the contemporary Toledo scholar Abu'l-Hasan 
“AK ibn Khalaf ibn Ahmar (2) al-Saydaläni (— the apothecary).* Ibn Khalaf 


* Department of Neur Eastern Languiges and Literature, New York University, Washington 
Square, New York, N, Ÿ. 10003, U.S.A. 

1. The research on the history of Islamic science that was conducted at the American Research Center 
in Egypt from 1972 to 1979 was fnanced mainly by the Smithsonian Tustitution and the National 
Science Foundation, Washington, D.C., und also by the American Philosophical Society (1972-74) 
and the Ford Foundation (1976-79). This support is gratefully acknowledged. 

It is a pleasure 1 express my gratitude to the directors of the Municipal Library in Alexandri 
the Egyptiun National Library in Cairo; the Zäbiriya Library in Damuseus; the Biblioteca de El 
Escorial; the Aadra Pradesh State Central Library in Hyderabad; the Süleymaniye Library in Istan- 
buli Istanbul University Library: und the Universiteitsbibliotheek in Leiden for the privilege of work- 
ing in their manuseript collections, Microfilms of the Madrid manuseript of the Libros del Saber and 
the published text were kindly provided by the Biblioteca Nacional, Magrid, and Harvard University 
Library (courtesy of Prof. Owen J. Gingerich), respectively. The photograph of Ibn al-Sarräÿ'a astrolabe 
was kindly provided by the Benaki Museum, Athens. My thnaks go also to Mr, and Mrs. Roderick 
Webster of the Adler Planetarium, Chicago, for their generosity in providing me with photograpls 
of medieval instruments and, in particular, with the photograph of Blagrave's ‘shakkasfya" plate. 

2. Hartner, p. #7 (reprinted from El, 1,p. 727). (Halicized nbbreviations are references 10 the 
bibliography). 

3, On alZarqällu see the article al-Zarqäli" in DS by J. Vernet and the references there citeds 
especially the various studies of J. Millés Vallicrosa. 

4, SAIS ibn Khalaf's treatise is in Libros del Saber, IL, pp. 1-132, and has been discussed in Millés 
1, 2, and 3. On the identity of the author see erpecially Milés 2, pp, 443-446 and 3, pp. xxx-xxxvi, 
and also Vera, pp. 93-95. “AIT ibn Khalaf's instrument is generally overlooked in modern studies of 
the aétrolabe: thus, for example, it is not mentioned at all ja Michel, and the only account of it in 
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Libro de las Cruxes at a time when Muslim Spain had reached its golden cen- 
tury, not only in astronomy but in most other branches of culture as well. 
Undoubtedly he improved the book, explained obscure passages which were 
ambiguous or too condensed, and introduced quotations of authors inaccessible 


to Andalusian astrologers of the past. such as Ptolemy,** Hermes and 
Abü Mafshar, io 


108, Ptolemy"s Tetrabiblos is quoted in the Libro de las Cruses, p. 161, but this chapter (LIX), cé 
we have seen, seems to be an Alphonsine addition; there is à reference to the Karpos ( Kütäb al-thamara 
In MS Escorial 916 £. 189r. 

109. MS Escorial 916 [. 192v and 193r. These two quotations do not appear in the Alphonsine text, 
“The Jatter (and probably the former 100) corresponde to Hermes Kitäb al-“ard frl-as"är. 

110. Libro de las Cruxas, p. 9, where Abü Ma“shar's Kitäb al- quoted. 
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dered (Saturn, Jupiter, Mars, and the Sun) are represented graphically in the 
characteristic horoscopes of the Libro de las Cruzes." À comparison between 
this Arabic text and the much more developed Castilian translation (576 
sfiguras”)" suggests the possibility that, in some cases, the former might 
represent the pre-<Ubayd Alläh version of the work. 

A summary of what I have said so far should emphasize the fact that an 
analysis of this book might establish clearly which were the astrological tech- 
niques used by ancient astrologers of Northern Africa and Spain who did not 
use the subtleties of Hellenistic and Oriental astrology. 1 have already said 
that the most primitive group of predictions seems to correspond to a set of 

a presage is based on the position of Saturn and Jupiter in 

es. Thus, according to what we know of al-Dabbr's urjüsa, 
there was no need — for that kind of prediction — to establish the ascendant 
or the astrological houses. When this need appears, in chapters which bear 
witness to a more developed technique, L have the suspicion that the identifi- 
cation between zodiacal signs and houses is reminiscent of a stage in which 
the beginning of the ascendant and that of the other houses was made to 
coineide with the beginnings of the zodiacal signs. The position of the plauets 
is never fixed with the least degree of precision, and when this kind of require- 
ment appears in the book. it is probably because we are dealing with an Alphon- 
sine addition." To cast a horoscope according to the rules fixed by the Libro 
de las Cruzes we only need 10 know in which sign we can find Saturn, Jupiter. 
Mars, the Moon, and sometimes the ascending or descending nodes. AI this 
makes one wonder whether late Visigothie and early Muslim Spain knew 
planetary tables — similar to those known through Greek and Demotic texts 
of the Roman imperial period — which allowed one to determine at a glance 
the sign in which a planet was located at a given moment.3°* On the other hand 
a critical remark by “Ubayd Alläh on astrologers who calculated conjunctions 
according to the mean positions of the planets reminds one of the rules given 
by Vettius Valens for that purpose. It is a fact that astronomical tables were 
used in the first half of the 9th century by astrologers such as Ibn al-Sbamir 
but we do not know which they were and if astronomical knowledge in that 
early period in al-Andalus was suficient to apply them correctly. This seems 
to be the kind of situation “Ubayd Alläh had to face when he rewrote the 


104. As described io Libro de las Crurer, pp. 6-7 and in MS Escorial 916 F. 190v. The horoscope is 
represented by means of three straigbt lines which intersect at the same point, thus forming tree 
crosses. Odd numbered houses (T, 111, V, VIT, 1X, XI) correspond to the ends of the lines (called autd, 
estaens®), while even houses (LE, IV, VE, VIIL, X, XUI) are represented in the angles between the 
lines (saiedy4, ““angulos"! 

105. Libro de las Cruses, pp.12-18. 

106. Cf. for example Libro de los Cruses, pp.160-161 and Snchez Péren's analysis of this passage 
in Isis, 14 (1930), 124-127. 

107, Neugebauer, HAMA, vol, I, p. 145 f. 
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generation et de corruption, que fasen los éoniunetiones por lou meyos cursos non mas, 
mientes a al. Et los fechos de las planetas non pareçen 
s0 logares endreçados cou todas su 
mouemento thrdio, 


et non paran 
on segunde sus equationes et segunde 
equationes, ct cou todas sus diuersidades, et guardando el 
que es el mauemento de la achava espera el que por el su mouemento se 
ramyan todos los otros mouimentos, que muchos de los que cormpusieron las tablas oluidaron 
ste mouimento, et nol guardaron, et fisieron las coniunctiones grostament, et muchos dellos 
los fuxen por los meyos eursos no mos, Et assi como son de guardur estas cosas sobredichas en Isa 

# de las planétas, assi son de aguardar en las coniunctiones et en las oppositiones 


ca si assi no fueren endreçadas, non se ueriguaran los aus fechos et erraran 
Jos iudizios er las significationes que dellas sallen.29 


The previous quotation establishes that astrological predietions should 
be based on true planetary positions and should also consider the precession 
of equinoxes® It also includes a reference to astrologers who established 
these positions according to the mean motions of the planets, and this makes 
me wonder whether these astrologers were al-Dabbï and his contemporaries 
who, in order to calculate planetary positions in their horoscopes, may have 
used rules similar to those of Vettius Valens by which means mean positions 
of the outer planets could be obtained. 

Finally, another quotation of the Alphonsine text may be of some use to 
establish “Ubayd Alläh's role in his edition of the Libro de las Cruxes: 

Et bien auemos hata aqni esplanado et departido esta razon desta yente, maguer que ellos la 
digan muy bref et muy encerrada. Et desto se pueden entender todos sus dichos deste libro, 

ea ellos los diren muy bref que non y fazen si non las figurns dé las cruzes non mas. 103 

This passage is clear to the reader of the book who can easily observe that 
the majority of the chapters contain a general rule (with the corresponding 
astrological forecast) and à development of it which, following apparently 
the principles of au ars combinatoria, establishes all possible cases to which 
the preceding rule can be applied. These developments occupy a considérable 
number of pages in the book as they amount — in the present state of the 
Alphonsine version — to 3505 combinations (called “constellationes” or "’figu- 
ras” in the Castillian translation), if 1 am not mistaken. An idea about the 
primitive version of the text can be obtained by studying the Arabic text of 
Chapter VI ofthe Libro de las Cruses,% in which the general rule is followed 
by only a short number of twenty examples in which the four “planets” co 


99. Libro de las Cruxes, p. 10, 

100. Obscure references to the precession of the equinoxes appear in Chapter XI (p.68) of the Libro 
da las Cruses, the author of which seems to be “Ubayd Alläb. although there are observations by el 
transladador” (Le. Yehudah b. Monheh), The passage in question is not clear and precession seems 
often to be confused with allusions to combustion (quemazon, ihtiräg) uxed here in its standard meaning 
{eee above, n. 75). 

101. O. Neugebauer, À History of Ancient Mathematical Astronomy (hereatter HAMA), (Bex 
Heidelberg-New York, 1975), pp. 793 

102. Libro de las Cruxes, p. 12. 

103. MS Escorial 916 £ 191», 
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characteristie of the system of the crosses is, according to ‘Ubayd AJäh him. 
self, that it considers planetary positions at a given moment, and does not 
refer to « previous date which could be, in the case of world astrology, the 
radix date of the great primitive conjunction or, in the case of a nativity 
horoscope, the date and hour of the subject’s birth."* The system is sound, 
although “Ubayd Alläh considers that predictions based on it should be con- 
firmed by the use of “eastern"’ methods.” It also seems that one of the modi- 
fications introduced by “Ubayd Alläh in the primitive version of the book was 
à systematie elucidation of ambiguous presages." The Alphonsine text estab- 
lishes clearly, in the majority of cases, the king, people, or country affected 
by a given forecast,®’ and this — according to Ubayd Alläh — did not appear 
in the first recension of the book. Another important passage of “Ubayd 
Alläh's prologue may give üs a hint as to the methods used by the first Andalu- 
sian astrologers to calculate planetary positions before Eastern astronomical 
tables were introduced in Spai Thus, when he has commented on the 
conjunctions of 397/1006-07 and 459/1066-67, he add: 


Et estus coniunctiones sobredichas fueron fechas et endreçadas segund las equationes nerdaderas, 
eudreçando todos os mouementos de los cielos et endreçando todas las maneras de lat equationes 
et de los mouementos, que estas coniunctiones non furron fechas segund fazen los que non saben 
uerificamento de los fechos et de los poderes de las estrellas, de que manera pareçen eu el mundo de 


98. Libro de les Cruses, p. 5: Et yo [— Oueydalla] falle este libro que fubla de las eruxee desta 
mmanera simple ment por si en las costellationes de las eruzes apartada ment, nan tomando rayzes de 
coninnetion ningume, in de reuolution, sion por sf apartada ment”. This is often correcte by “Ubayd 
Alläk in his revision of the text as, in order to establisk clearly who is the king or country affected by 
4 given presage, be frequentiy refers to the nativity horoscope of the king ar the horoscope af His acces- 
sion 10 the throne; see notes 96 and 97 below. 

95. Libro de las Cruses, p.5: Mas estas costellationes de que en este libro fablumos, et son de lo 
que obrauan las yentes que nombramos antes destas [sestas‘* means Eastern astrologers] son mucho 
apoderadas significationes, por que sou puestas sôbre grandes rayzes et fuertes cymientos. Et el qui 
estas constellationes pusiere en logar de rayzes et de cymientos en Jos necidentes del mundo, et de 
pos desto se aiudare de las sotilezas et de los departimientos que son manifiestos en los lihros destos 
tros sabio, puede 11egar a lo que quiere" 

96. Libro de las Cruxes, p.6: “Et yo [= Oueydalls] pare mientes en los indigios desta vente que 
fudgaban con estas figuras, et ui que en una consteliationes disian que significauan destruction de 
rey, et en ütras constellationes disian que significauan destruction de los aduersarios del rey. EL ui que 
hagia desto grande dubdu, que manifesta coëx es que qual rey quier que sea en qual quier partidad 
€ la tierra, que a otro rey por aduersario en otra partida de lu tierra. Et ei el iudicio fuesse tomado 
generalinent, cacremos en grande dubdu. Et por esto estudie en sus dichos et entendi dellos razones 
por sallir desta dubda; et quioro lo esplanar en este logur et mostrar la carrera de come se deuen 
tomar estos iudisios et estas signifieationes segunde les perteneçe, et de que manera se deuen poner 
en las eoustellationes de los compeçamentos"", 

97. In some eases (ef. for example Libro de las Cruses, Chapter X, pp. 50-55) “Ubayd Alläh seems 
t0 have omitted this kind of precision, but the Alphonsine text introduces un explanatory note which 
is often aseribed to “el transladador"*, that is to Yehudah b, Mosheh (see p. 53). 

98, It seems that some kind of nstronomieal tables were known in al-Andalus in the first half of 
the 9h century, as they were used by Tbn al-Sbamir and by Yahyà al-Ghazäl, cf. Vernet, ‘La maldiciôn 
de Perfecto", p. 418. 
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in the Castilian, version if we accept that the beginning of the houses corres- 
ponds to the beginning of zodiacal signs. Thus, according to the dodekatopos,®' 
which is used in the Libro de las Cruzes:"* 


Bayt al-hayä(t) (“house of life, “casa de ln vida”) — Ascendant 
= Gemini 


Bayt alikhwa (house of brothers”, casa de los hermanos'*) 
= Il = Leo 


Buyt al-marad (house of illness”, “easa de la enfermedat”) = VI 
= Scorpio 


Bayt al-sa*äda (“house of happiness”, “ensa de Jos amigos) — XI 
= Aries 


Allthis comes quite well into line with the chaptér on astrological geography 
which, being probably an Alphonsine addition to the Libro de las Cruxes, es 
tablishes that the “sign of Spain” (i, e. its ascendant) is Gemini, according to 
Spanish and Egyptian astrologers. as well as Hermes.“ 

Therefore the author of the revision was probably an Andalusian astrologer 
ofthe second half of the 11th century or the first half of the 12th. This confirms 
the plausibility of Millas’ identification of “Oueydalla el sabio”. In this sense 
itis interesting to remark that Oueydalla’s classification of peoples in Chapter 
Tofthe Libro de las Cruzes" presents a number of similarities with the similar 
classification established by SäSid in his Tabagât al-umam," which leads me 
to think that the latter work was one of Oueydalla’s sources for that chapter. 
This would agree very well with “Ubayd Alläh al-lstiji, who sent to Said, 
from Cuenca, his work on ‘the projection of rays” (maärih al-shu‘a‘at)."* 
He might have received in exchange the latter's Tabagät al-umam. 

What did Ubayd Allah do to the primitive version of the Libro de las 
Cruxes? The Alphonsine translation calls him “el esplanador”, who found 
the original text, explained it, and rewrote it in its present shape." The main 


#7. Bouché-Leclereg, L'Astrologie Grecque, p.280. 

U8. Libro de las Cruzes, pe 7. 

90. Libro de lus Cruses, pp. 161-162. Cf. José A. Sénchez Péren, EI Libro de lus Cruses**, Tais, 14 
(1930), 77-132, who established (pp. 124-125) the Alpbonsine character of this chapter. 

90. Libro de lus Cruxes, pp. 6-9. 

91. $a‘id, Tabakat, tr. Blachère, pp. 31-41, 

92. Risdla fr-biafairät wa-maärif al-shuta*at, MS Escorial 939 (L. 9-16v). The incipit cstablishes 
that the work is dedicated to au uaidentified wazfr and gägi Abü'l-Qasim, C£. H. P. J. Rénaud, Cata- 
logue, vol. LE, fase. 3, pp: 54:57; Vernet, +Tradiojon e innovacion*", p. 746. 

93. Libro de las Cruxes, p. 1: “Onde este nostro sennor sobredicho [i.e, King Al 
Libro de las Cruzes que Bsieron los sabios antigos, que esplano Oueydalla el sabio.."". 1d. pp.167-168: 
“Dino el esplanador deste libro: Aqui es la fin de lo que fallamos deste Libro de las Cruses, et todo Jo 
esplanamos et lo departiemos segund el nostro entendemento lo meior que pudiemos"", 


onse] (.)fallo el 
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es la que nombran estos 
quemazon de las planera 


bios deste libro Gi à +938 go de Gi 55e 
de Fa ae US url, de G US 33 


3. À neio edition of the Arabic text towards the end of the Llth century. The 
Alphonsine translation considers that the author of the book is a certain 
“Oueydalla et sabio”” whom Millas* identified as Abû Marwän ‘Ubayd 
Alläh b. Khalaf al-Istiji who lived in the time of gädi Sa°id of Toledo (1029. 
1070) and corresponded with him.” Vernet has confirmed this identification.* 
The chronological limits of the work and of its author are, on one side, the 
conjunction of 459/1066-67 which is mentioned in the Alphonsine text"! and, 
on the other, 1259, the date of the Alphonsine translation made by Yehudah 
b. Mosheh ha-Kohen and Johan Daspa." A careful reading of the book estab. 
lishes clearly its Maghrebine, and probably Andalusian, character and this 
ean be confirmed if we compare two passages of the Arabie and Castilian 
versions: 


# peint er quemason Lu es il eu G Jui cs ls 
re en el signo de Gemini DRE 


and again: 
Et quando fuere Saturno en Scorpio et el ail 3», 5 à 
Sol en Leon, et Jupiter en Aries, et la Ca | me 
beçä en Gemini [. 


AN es 35e ÿ 
als AS ps Bi eu ÿ gras 
Mol js LU cu 


The explicit reference to al-Andalus in the first Arabie quotation is con- 
frmed by the distribution of the houses which appear in the Arabic, but not 


75. MS Escorial 916, £. 193 and v. 

76. Libro de las Cruses, p.165, Chapter XI (p.68) contains a definition of quemadas which resembles 
the standard one, (a planet is quemada when it ie placed in the same sign as the Sun), but this chapter 
seems an addition by the 114h c. editor “Ubayd Allüh, See also below, n. 100. 

77. Libro de las Cruxes, pp. 3 and 5. 
losé M. Millés Vallieros, Sobre el autor del «Libro de las Cruces’"", AkAndalus, 5 (1940), 
230-234; see also Lis, 19 (1933), 530. 

19. SäSid, Tabakat, tr, Blnchère, pp. 153-154, See nleo p. 149, where he appears ns “Abd Allghinstead 
of “Ubayd Allah. 

80, Vernet, “Tradiciôn e ianovaciôn'", pp. 745-746. 

81. Libro de las Cruxes, p.10. 

82, Libro de las Cruxes, p.168. On Yebudah b. Moshéh cf, A. R. Nyk}, “Libro Conplido en los J 
de las Estrellas”, Sperulum, 29 (1954), 85-99; G, Hilty, “Ellibro conplido en los iudizios de las estrellas'", 
Ak-Andalus, 20 (1955), 1-74. 

43, MS Escorial 916, f. 193v. 

44. Libro de las Cruses, p. 166. 

85. MS Escorial 916, . 194v. 

86. Libro de las Cruses, p. 167. 
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bered for a long time in Northern Africa.” The aspects considered are the 
usual ones in Hellenistie astrology (conjunction, opposition, quartile, and 
trine) — which had not been forgotten by the Isidorian tradition” — but a 


new one seems 10 have been added, the “quemazon" (iltiräg “combustion” 
which is defined both in the Arabic and Castilian texts: 


Et los quemantes dlizen ellos por las plane: . RE) dE 
tes quando Horn duremades 5 quando 02% Ul 236 gl SUN Le G dl 


füeren ajuntadas; et que sean todas à las GE a Q Gel sol j Li ü zù À 
sn del nos nn echo, qu sons 3 à BAT UE 35 31 GA à 
siguos igneos et lon nereos; que seu todus EE Mr ar SUR d 

6 la mas dell en lon sigaoe iaenten, que HS EL (6 El, SA as ds 
son los aiguos uqueoset los terreos, en y Gif ist L ge QI LajSl si 
quando las plagetns todus 0 las mas del à LU à Lie 3 UGS 

Jus fueren en una partide destme, quier 0 9 Gé ui NE 
sean aiuntadas, quier darramadas, a esta ES 
tal constellation dizen ellos quemantes,73 


It seems evident from the previous quotation that iftiräg does not have 
here its normal astrological meaning: there is combustion when all the 
planets considered, or the majority of them, are either in the fiery or airy trip- 
licities or in the watery or earthly triplicities. Another passage, however, gives 
a more restrictive meaning of “quemazon” (the four “higher planets” are 
together in the same sign or scattered in the same triplicity) 


Etes quando todas las quatro planetas sabnedichas [Saturn Je; Eu] sis ciel Gé 
éphet Ms on he Bon] Sos ea one ane 1 ni 
ls ls er als 


HAS dé ils 


p.754) has established the position of the planets, according to al-Khwärizrmat's Z{j, for the dates 2-V- 
979 and 31-V-978 at 1 pan.; these ure the dates où which ul-Mansür b. Abï “Amir commenced two of 
his expeditions, In the fret of these tw0 horascopes the moon has a longitude of 61:20 (the beginning 
of Gemini; it is cosy to suppose a emall error that would place the moon in Taurus), and in the second 
its longitude is 312:43° (Aquarius). 

70. Al-Sakant, <Uyan, p. 165, and tLabn'', pp.178-179 tells an anecdote involving Umar b. al- 
Khatqüb who, being ready to depart for a ghaswa, is told by an astrologer, Ya amir al-mu’minin, 
asbir hatta yafla® land-l-qumar”. 

71, The mavuscripts of Isidore's Etymologies which belong to the +Spanish family"* (according to 
Lindsay's terminology) contain an interpolation on ‘astrological geometry"" which is indubitably 
Spanisb, and was written before the Muslim invasion. Its drawings represent graphically conjunction, 
sextile, trine, quartile, and opposition. Cf. Jacques Fontaine, /sidore de Séville et la culture classique 
dans l'Espagne Wisigothique (Paris, 1959), vol. 1, pp. 493-407. 

12, MS Escarial 916, £. 190v. 

73. Libro de las Cruzes, p. 1. 

74. Cf. al-Birünñ's definition in The Book of Instruction in the Elements of the Art of Astrology, trane- 
lation by R. Ramsay Wright (Loudon, 1934), p. 296: «If the superior planets and the inferior ones in 
the middle of the retrograde course exceed the minutes [16] of taymim all are said to be smutarig", 
combust, until their distance from the sun is 60”, 
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the primitive version of this text was a sort of Kitdb al-amfar wa-l-as°r (“Book 
on Rains and Prices”), the title given by the Moroccan astrologer of the 15th 
century al-Bagqär to his anthology of the Arabic Libro de las Cruxes."® Never. 
theless we should bear in mind that al-Bagqär himself, when writing on al. 
Dabbi's urjüra, says: 


DA ga auf ARS de AA Jets et Je ARS ÿ Des pli 
Mes il 2 pl ces ge alal RO gel 
He composed an urigra in order 10 predict otmospherie conditions and vicissitudes of kings 


according 19 the ancient judiciary system often used in the Magbrib, that is the system of th 
crosses, in the time of alHakam [1], may God be pleased with him. 


Therefore it is possible that the oldest version of the book also dealt with 
the problems of political astrology which form the bulk of the Alphonsine 
version: it may have contained much more than the group of chapters which 
I consider the more primitive ones, perhaps because these have kept their 
old structure fairly well. 

A few remarks should be added concerning the more sophisticated astro- 
logical techniques used in the rest of the chapters which I have not considered 
80 far. Horoscopes are established according to the position of the “planes 
altas® (al-kawäkib al-ulwiyya, the “higher planets”) or the “planetas 
pesadas” (al-daräri althiqül, the “heavy planete”) which are the outer 
planets (Saturn, Jupiter, Mars) and the Sun. Consideration is sometimes also 
given to the ascending and descending nades as well as Mercury’ and the 
Moon. The latter “planet” is also used to establish the exact moment at which 
a given event is going to take place, and it plays an important role in the 
choice of the auspicious time for starting a military expedition. The rules 
established by El Libro de las Cruses may have been applied by the court 
astrologers of al-Mansür b, Ab5 Amir,‘ and they also may have been remem- 


63, MS Escorial 916, £. 187v. The beginning of the Arabic text discavered by R. Muñoz is 
Bab alas*är wa-bamqär “al ray ahl ol-qulib (MS Escoriol 918, f, 12y). The concern for this ki 
topie nequires a full sente in 8tb century Spain my friend Miquel Barcelé has poiated out to me that 
long periods of dryness were commun in the Bth century in the Iberian Penineulu, CF, Miquel Barcelo, 
“Les plagues de Tagost a la Carpetänia, 578-649..", jn Extudis d'histéria agrèria 1 (1978), 67-84 (see 
specially p. 68). 

64. MS Escorial 916, f. 195r. 

65. MS Evcorial 916, €. 190v: Libro de los Crusrs, p. 5. 

66, MS Exeorial 916, €. 13r; MS Escorial 916, f. 193r and v; Libro de las Cruses, p. 145. 

67, Cf, for exumple, Libro de las Cruses, pp. 146 and 149 (predietions based on the colour udopted 
by Mercury). 

68. Libro de las Cruxes, pp. 145-146. 

69, Libro de las Cruses, p.145 says that the moon should be in Taurus, Leo, Scorpio, or Aquarius 
when a military expedition starts moving to fight an enemy. Vernet (“Tradicign e innovacién", 
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is again used in Chapter 63% where the “planets”#* considered are Saturn 
and the ascending node, and in part of Chapter 64 where the author studies 
the consequences of a solar or lunar eclipse in the triplicities of water or earth.5 

So far the author of El Libro de las Cruzes has only taken into consideration 
zodiacal signs and triplicities, but not astrological houses and aspects which 
are generally used in the rest of the book and which imply a higher degree of 
sophistication in the technique of forceasting. We can also find a number of 
chapters in which both systems are combined and other planets, besides 
Jupiter and Saturn, are considered; such is the case with Chapters 25," 26,5 
45,5 and 65% (triplicities and aspects), part of Chapter 39% (signs and domi- 
cilia), Chapter 28% and part of Chapter 31° (houses and triplicities). Fioally 
it seems interesting to comment that, in another set of chapters."" houses scem 
to be identified with zodiacal signs in such a way that we might suppose that 
one of the simplifications introduced by El Libro de las Cruses - When compared 
to Hellenistie and Oriental astrology — would be to consider that the begin- 
nings of houses coïncide necessarily with the beginnings of zodiacal signs.® 

It seems to me that if we try to establish the chronology of this book, the 
first group of chapters considered (57, 60-4) seems to be the more primitive one, 
and some signs of this primitivism can perhaps be observed in other chapters 
in which zodiacal signs, instead of houses or combined with them, are still 
used. If we observe that the totality of the oldest material, as well as all the 
chapters the Arabic text of which remains, deal with meteorological (rain, 
drought) and economic (prices) predictions, we might be tempted ta say that 


51. Libro de lus Cruses, p.164; MS Escorial 916, f, 192v. 

52, We ean find in the Libro de las Cruxes an echa of the aneient belief in the planetary character 
of the lanar uodes. See for example, p. 68, where the author considers it necessary to remark that the 
ascendiug node does not have an apparent diameter like the other planets (+Mus la Cabeça non à 
Jambre porque non à diametra""). la an obseure passage on the same page we also find u reference to 
ie retrograde movements of the lunar nodes. On tbe planetary character of the lunar nodes, see W. 
Hartner. Le problème de la planète Kajd”*, Oriens-Oceidens (Hildesheim, 196%), 268-286, and The 
Pseudoplanetary Nodes of the Moon's Orhit in Hiadu and Iélamic Teonographies”, ibid. pp. 349-404. 

53, Libro de las Cruxes, pp. 164-165: MS Escorial 916, f. 193». 

54. Libro de las Cruses, pp. 97-111. 

55. Libro de las Cruxes, pp. 117-U8. 

36. Libro de las Cruzes, pp 149-151 

57, Libro de las Cruses, pp. 165-167: MS Escorinl 916, f, 194r and v. 

58, Libro de las Cruzes pp. 145-146. 

59. Libro de las Cruzes pp. 118-119. 

60. Libro de las Cruses pp. 122-123. 

61. CF. Libro de las Cruxes, Chapter 15 (pp. 16-40); 23 (pp.92-95), 24 (pp. 95-97): 43 (pp. 125-126): 
(pp. 126-127); 35 (pp. 127-120); 86 (pp. 128-144), 48 (pp. 152-153). 

62, On the division of the houses in Greek astrology cf, A. Houché-Leclercq, L'Atrologie Grecque 
(Bruxelles, 1963 = Paris, 1499), pp. 276-248, 170-178. The identification between the beginniogs of the 
houses and those of the zodincal sigus was also known by Arab astrologers: ef. E. 8. Kennedy and D. 
Piagree, The Astrological History of Mäshä*alläh (Cambridge, Mass, 1971), p. 92. 
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tes on los cuerpos del mundo de generation ei corruption, et âuinu 5,5, Ji lis Gls Ge 
significationes por sosacar los tempos en que compeçouan uguellos D Nan gate 
ucidenes et quanto durauan, ee Hempes en que finauan a sonne TA EG de 5 ape 
couun los tempos de las malus oceasiones, et los tempos de las fortunas * "©. des 2e 
et de los buenos accidentes. Et esto toda departyan lo por grandes ©hiNls L Lil Gus 
sotylezns et de muchos carrerns desta scientia de euema dan las 7, je Wario ie 
planetas las fuerzns unas à otras, ei de cuemo las reciben unas e 

otras, et como reciben unas a otras, et de lan otras cosus et de las 
otras carreras que se tyenen con estas, et de los estadon de lue 
planetas, #e de aus accidentes segund que todo esto es departido en 
los libros de los sabios orientales, et los da Babilonia, et de los egiptios, S 
et de los persios et de los griegos, que todos estos sonsneauun los AN 
iudizios et las sigoificationes desta scientia de todos estos carreras di dt, 5 ail 
sobredichus BU Gale 


It seems clear that there is a close correspondence between the Arabic and 
Castilian texts, although the latter seems more an amplification than a trans- 
lation of the former. My purpose, in the rest of this paper, will be 10 try to 
establish the main lines of the history of this Libra de las Cruzes, which has 
the envrmous interest of being the first astrological work to be used in al- 
Andalus. I think one should distinguish three main stages in the development 
of this work: 


1. Latin original entirely unknown. 


2. First Arabic version of the whole or part of the present text which should 
be dated towards the end af the 8th century. We have a good example of this stage 
in 39 verses taken from the final part of an urjäsa written by the astrologer 
SAbd al-Wahïd b. 1shäq al-Dabbi — whom 1 have already mentioned — in 
the time of al-Hakam L.4 This fragment is a versification of Chapter 57 of 
the Alphonsine translation, and we also have an Arabie prose version of the 
same chapter." Chapter 57 is narrowly related to Chapters 60 and 61 (the 
Arabic text of MS Escorial 916 amalgamates elements taken from both) 
and also to Chapter 62. AI these chapters deal with the forecast of rain and 
drought, and their consequences: prices, agriculture, vegetation, illness, etc. 
The technique used for forecasting is extremely simple and it fits well a very 
primitive astrological system: only the position 6f Saturn and Jupiter in the 
four triplicities (air, water, earth, and fire) is considered, and the aforemen- 
tioned chapters develop the possibilities of the system and study the presence 
of these two planets in the same or different triplicity. The same technique 


45, MS Escorial 916 f. 190r and v. 

46, Libro da las Cruses, p.53. The uaderlined passages translate the Arabie text, 

47, MS Escurial 916, f.195r and v, 1965. 

48. Libro de los Cruzes, pp.159-160; MS Escorial 916, f.191v-192r. 

49, Libro du las Cruses, pp. 162-163; MS Eccorial 916, f.192v; MS Escorial 918 £, 12v - 13e. 
50. Libra de las Cruzes, pp.163-164: MS Eccorial 918, f, 13r: MS Escorial 916 f. 192 - 199v. 


ASTROLOGY IN AL-ANDALUS 233 


like to mention that jadwal might refer to magie squares instead of astronomi- 
cal tables,®? and that I know nothing about the meaning of al-Kimma. 

The conelusions 1 have been able to draw from the new evidence furnished 
by Ibn “Abd Rabbihi are, therefore, rather scanty. The main literary sources 
to study the diffusion of astronomical and astrological literature are, still, Ibn 
Juljul for the 10th century and Said for the 11th. In this way we can be sure 
that both authors bear witness to the knowledge, in Spain, of Abü Ma‘shar's 
Kitäb al-Ulñf” and that S&‘id also knew Shädhän's Mudhäkarät” and 
probably Vettius Valens’ Anthology. But these were not the first astrological 
works to be read and used in Muslim Spain. In a recent paper. Juan Vernet 
bas described an Arabic manuscript from El Escorial which contains a collec- 
tion of excerpts of the Arabic original of the Alphonsine Libro de las Cruzes." 
Rafael Munoz has also found three new chapters of the same work in another 
manuseript of the same library. On the other hand, Vernet has proved that 
the aforementioned Arabic text is based on the translation of a Latin astrolo- 
gieal work which was known in Al-Andalus towards the end of the 8th or begin- 
ning of the 9th century, therefore being one more item in the long series of 
contacts between Isidorian-Latin and Arabic culture in Muslim Spain. One 
must remember that astrology was very much alive in the time of Isidore of 
Seville. It may be interesting to compare the Arabie and Castilian texts of 
a short passage taken from the first chapter of the work where the author 
clearly establishes that the system he uses to forecast future events is the one 
employed by ancient astrologers of Northern Africa and Spain who did not 
use the subtleties of Hellenistic and Oriental astrology: 


e este sou los ivdigion generales et antigos, et son los iudi fE- lg A ads ô1 je 
que usouon les de ls partidan de eceideue de tumpo anges et lee Li Li x 
de terra de Affrie los de Barbaria et una partida ls 3 +. di at 
romanas de Espana; todos estos solian judgar por estas costella- LA jl del el pal de Ji 
tiones generales. ei & ds ps 
Mas los persios et los griegos auion muchas sotilesas en esta seien- Le DA 
stay un Hépartit Ter vannes dell, et éétacer Ja aus signes. | Uele GS ES Al 
tiones, et de que guysa 1legan et parecen sus fechos et sus acciden- Gbolls ge il Le DS 


37: P:L Rémandi Largine du mot rlpamneb 

38. Ibu Juljul, 7abaqar, ed. F, Sayyid, pp. 
edge of the Kitab al-Uliin the West, ef. 
1968), and Churles S. F. Hurnett, ‘The Le 
al-Ulff ia the Latin Middle Ages", Journal 


, 37 (1947), 
ubakät, tr, Blachère, p. 58. Oa the know 
he Thousands af Ab Ma*shar (London. 
d of the Three Hermes and AbQ Matabur'e Kit 
e Warburg and Courtauld Institutes, 39 (1976), 231-234, 


ia ms, Es 
and tranlation of this text. 
43, Vernet, “Tradicién € innovacion‘", p. 747. 
44. J. Fontaine, Isidore de Seville et l'astrologie", Révue des Etudes Latines, 31 (1953), 271-300. 
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Where are the Zij, the Qénn, the Arkand and the Kimma 

And where the false Séndhind and the Jackwal? is there in them 

Anything but a lie against God — let Him be exalted — Who resurrects the dead ?18 

With these verses we must face the problem of the circulation of certain 

astrological and astronomieal works in Muslim Spain in the firet half of the 
10th century. There is no problem, of course, concerning the Sindhind,* but 
it is doubtful whether the Arkand"® was really known in al-Andalus at this 
time if we bear in mind that, one century later, a serious astronomer such as 
Sä‘id of Toledo (1029-1070) seems to speak about it only on a secondhand 
basis." Zÿ, Qänûn, and Jadwal are difficult terms to interpret exactly; the 
three of them might be synonymous and have the general meaning of astronom- 
ical table, or refer to more specific significations. One might also consider 
whether, following Destombes opinion, zij is the table itself whilet qénan is 
the set of instructions which indicate how to use the zij, having thus the same 
meaning as the Latin canones.®* On the other hand it could be convenient to 
remember that both Ibn Juljul and Sätid use the term Qänûn when speaking 
about Ptolemy's Tables® whilst Said also designates with the same word 
the Tables of Theon of Alexandria; therefore it is possible to conjecture 
that qânün might refer to a set of Hellenistic tables, whilst zÿ might be the 
term used to designate tables of Indian, Persian, or Arab descent. It seems 
impossible to be more accurate, although we should think that the only set of 
tables whose knowledge is documented in al-Andalus in the 10th century is, 
apart from the Sindhind, al-Battanÿ's Zi al-Säbi”% the original title of which 
was, probably, that indicated by Ibn al-Nadim and Ibn al-Qifti, Kit@b al-zij or 
just al-Zÿ.% To end these remarks on Ibn Abd Rabbihi’s verses, I would 


28. Ibn Mareuq, Musnad, tr. Vignera p.364. I have been able to quote the Arabie text thanks 10 

Viguera's generosity: she has provided me with photocopies of the proofe of er edition of the 
Musnad which is now being printed in Algiers: it is Miss Viguera herself who has suggested an impro- 
vement of ber translation which I use here in my version of these three verses 

29, It was introduced in al-Andalus in the th e. either by “Abbäe b, Firnas (see Elias Trés, Abbas 
b. Firnäs”?, AlAndolus, 25 (1960), 239-249) or by “Abbäs b. Näsih (ef. E. Terés, «Abbas b. Naäsih 
pocta y qädi de Algeciras", Ftudes d'Oriantalisme dédiées à la mémoire de Léci- Provençal (Partis, 1962). 
vol. L. pp. 839-358), Its history in Spain from the 104h e. ouwarde is fairly well known. 

30. Brahmagupta’s Khandakhädyaka, see David Pingree, “Brahmagupta®, Dictionary of Scientific 
Biography (New York, 1970), vol. II, pp. 416-418; ef. also E. S. Kennedy, The Exhaustive Treatis 
on Shadows by Abu't-Raykän Mukammad b. Almad al-Brant (Aleppo, 1976), vol. I, pp. 181, 200; 
vol. I, p. 27. 

31. Said, Tabakaär, tr, Blachère, p. 47. 

32. See M. Destombes review of Kennedy's Survey of Islamic Astronomieal Tables in sis, 50 (1959), 
23. 

33, Ibn Juljul, Fabaqat alafibba" wo-l-hukams', ed, Fu'ad Sayyid (Cairo, 195$), pp. 85-36: Said, 
Tabakät, tr. Blachère, pp. 12-78. 

34, SaSid, Tabakät, tr. Blachère p. 86. 

35, C£ J. Vernet's review of Ch. Pellat, Le Calendrier de Cordoue in Oriens, 17 (1964), 284-286. 

46. W. Hartner, AÏ-Battän”, Dictionary of Scientific Biography, (bereafter DSB) (New York, 
1970), vol. I, p. 508. 
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He was satirized by one of them, Yahyä al-Ghazal (ca.773-864). In the 
10th century the poet Ibn Abd Rabbihi is the author of a certain number of 
poems attacking astrological beliefs which show that, often at that time, an 
anti-astrological attitude was associated with an unscientific one, For example, 
when he addresses a certain number of reprouches to the astronomer Abñ 
“Ubayda Muslim b. Ahmad al-Balansi he not only censures his belief in the 
influence of the planets on the earth, but he also seems to attack the sphericity 
of the universe and that of the earth, the fact that the latter can be considered 
as a point in the middle of space, and that the summer in the southern hemi- 
sphere corresponds to the winter in the northern one and vice versa. The same 
kind of arguments will be used in the 13th century by the religious polemicist 
al-Saküni* who, in two of his works, Uyün al-munäzarät® and Lan al- 
Sawämm fimä yata‘allaq bi-<ilm al-kaläm* considers contrary to the Muslim 
creed predictions based on planetary conjunetions,# on nativities* and 
even the humble meteorological predictions based on the system of the antod"* 
which he regards as astrologieal. Nothing, of course, can be argued from the 
point of view of strict orthodoxy, but it scems rather surprising to find al- 
Sakünÿ saying, on the basis of Qur'än 13,3 (Madda al-ard, “He extended the 
Earth”) that the earth is flat.#7 

Confusion between astrology and astronomy is also evident in the following 
verses of Ibn Abd Rabbihi where he regards as astrological works what seems 
mainly to be à list of astronomical tables: 


Sa Nise ps po oi 
& paie Jai au is 
a 2e Je lé ài jee ge 


19. On al-Glazäl astrologor, cf. Juan Vernet, la maldicion de Perfecto", Prismata. Naturwissen- 
schafisgeschichdiche Studien. Festschrifi far Willy Hartner (Wiesbaden, 1977), 417-418. 

20. Said al-Andalusi, Kitäb Tabukat al-Umam (Livre des Catégories den Nations), Freuch translation 
by Régis Blnchère, (Paris, 1935), pp. 123-124. At leust three of these topics are extensively treated in 
the first book of Ptolemy"s Hmagest: spherical motion of the heavens (1,2), the earth bas a spherical 
fort (1,8), and the earth is like a point in relation to celestial space (1,5). Lt seems that the Amagest 
was known 40 Maslama al-Majriti: ef. Said, Tabakat, tr. Blachère p. 129. 

21, AbQ “AN €Umar h. Muhammad al-Sal author of Andalusian dercent who lived in Tuvis 
io the second half of the 14th century. See notes 22 and 23. 

23, Abÿ “AIS *Umat al-Sakünt, Lan al-“audmm frma yota“allaq bi “ilm al-kaläm, ed. Sa°d Churab in 
22. Aba Ali <Umor al-Saküni, “Uyin al-mundzu rôt. ed. Sat Churäb, (Tunis, 1976). 
Hauliyyät al-Jämita al-Tünisiyyo, 12 (1975), 109-255. C£, on this book J, D. Latham, The content 
of the Lahn al-“awämm (ms. 2229, al-Maktaba al-“abdaliyya al-tünisiyya, Tunis) of Abu “Ali “Umar 
Muhammad b. Khalil al-Saküni al-lshbjhi®”. 1 Congress de Estudios Arabes + Islämicos (Madrid, 1964), 
293-207. 

24, Saküni, Lapin, p. 177. 

25. Sakünï, Lahn, p.177; “Uyün, pp. 222-203, 

26. Sakünï, Lafn, pp. 178,179, 182-184. 

27, Saküni. <Uvän, pp. 300-301 (6£ also 247-248, and Lajn p. 183). 
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change of triplicity because it started in Leo (a sign of fire) and continued in 
Virgo (a sign of earth). This last fact leads the historian Ibn ‘Idhäri* to 
remind us that the sign of Virgo was the lord (sähiba) of Cordova and that 
the old sages of the city had placed a statue or some other kind of image {yüra) 
representing this zodiacal sign on top of the southern door of the city, called 
Bab al-Qantara (door of the bridge). We have several astrological interpre- 
tations of this conjunction and they all agree in considering it as the warning 
sign of the end of the Caliphate and the beginning of the fima; one of them is 
ascribed to the great astronomer Maslama al-Majriti!t who foretold a change 
of dynasty, ruin, slanghter and famine; another interpretation can be re 
in the Alphonsine Libro de las Cruses which states that this celestial warning 
implied the end of the leadership of the Arabs in Spain and the moment at 
which their role started to be played by Western people, Berbers and Chris. 
tians.!® In any case the evidence furnished by historians shows in this case 
the existence of a number of astrologers in Cordova who discuss the event and 
its consequences." In the same way another anecdote told by Ibn “Abd 
Rabbihi (860-940) describes the meeting of a group of astrologers who cast 
the horoscope and make caleulations which predict — unsuccessfully — that 
there will be no rain for a months time." 

The important role played by astrologers in the court of the Banü Umayya 
in Cordova attracted the envy of both pious fugahä” and court poets, who 
feared their influence in high official cireles. Thus the fagih Yahya b. Y: 
(d.849)" often attacked the poet-astrologers who surrounded *Abd al-Rahmän IT, 


11. On this conjunetion see Juan Vernet, ‘*Astrologia y politics en la Cérdoba del siglo X°”, Revista 
del Instituia de Estudios Islamicos en Madrid, 15 (1970), 91-100 (ef. especially p.93); La eultura hispano, 
arabe en Oriente y Oceidente (Barcelona, 1978), p. 47. 

12, Tba “Idbärt al-Marrgkueht, Al Boyän al-Mughrib, ed, E. Lévi-Provençal, (Paris, 1930), vol 
A, 1, pps 14-15. 

13. On this door see Manuel Ocaña Jiménez, Lux puertus de la medina de Côrdoba®", Al-Andalus, 
3 (1985), 143-151 (ef. specially p.144); Leopoldo Torres Balbas, Ciudades hispano-musulmans (Madrid, 
ad), vol. 2, p. 651: E. Lévi-Provençal, Espana Musulmana hasta la caida del Califato de Cordoba 
{711-1031 de J.G.). natituciones y vida social e intelectual, in +Historia de España*", ed. by R. Menéndes 
Pidal, Madrid, 1957), vol. V, p. 236. It seems that the aforementioned statue represented an ancient 
goddess who may have been identified by the Muslim population with the Virgin Mary, 

14, Quoted by Tbn dhäri (see above n. 12), On Maslama ef. J. Vernet and A. Catalé Las obrat 
imatemtieas de Maslomo de Madrid", Al-Andalus, 40 (1965), 15-45. Another interpretation of this 
conjunetion in Ibn al-Kbayib, Kitab a*mäl al-a®läm, ed. E. Lévi-Provencal, (Rabat, 1944), pp. 148 
349: on this textsee the works by J. Vernet quoted in n. LL. 

15, Alfouso el Sabio, Libro de las Cruxes, ed. Lloyd A. Kasten and Lawrence B. Kiddle, (Madri 
on, 1961), pp. 9-10. 

16. Ibn “Hhärt (see above D. 12) is poritive about this: Wa kathura kalôm al-munaÿjimin fthi wa 
andharü bi-ashya" “azima käna al-nés “an-hà fi ghafl 

17. Ibu Murañq, El Musnad: hechos memorables de Abg-l-Hasan, sultan de los benimerines. Estudio, 
traduccién, anotaciôn, indices anotados por Maria J. Viguera, (Madrid, 1977), pp. 365-366. 

18. Lévi-Provençal, Espana Musulmana hasta la caida del Califato, vol, LV, p. 175. 
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not trust his answer because it will concern occult things which only God knows 
(idh käna min ghayb AUGh alladhi ista’thara bihi).® Nevertheless when al-Dabbi 
tells the amir that his reign will be lucky but that it will only last about eight 
years — quite a successful guess — Hishäm accepts his prediction and con- 
secrates the rest of his life to God's worship and good deeds because he has 
bad a warning, undoubtedly coming from God, in al-Dabbr's words (al-nadhir 
kallamant bi lisänika). Another anecdote, studied by Terés,! reflects again 
the atmosphere of court astrology and it has the interest of having been found, 
much later, in the East. The amir, “Abd al-Rabhmän 1 (822-852), talks to his 
poet-astrologer Ibn al-Shamir in one of the rooms of his palace and asks him 
through which of its doors he will go out. The astrologer casts the horoscope 
and writes down his conclusions inside an envelope which he seals afterwards. 
Then “Abd al-Rahmän orders a new door to be opened in the western wall of 
tbe room and he goes out through it; in his report Ibn al-Shamir had written 
exactly what the amir was going to do, Much later Nizämi “Arüdi Samarqandi 
tells the same story, but the characters involved are al-Birüni and Mahmüd 
of Ghazna,' 

Celestial phenomena and catastrophical events attracted quite often the 
attention of both historians and astrologers who, thus, seem to play a prominent 
role in society not restricted, as in the examples previously considered, to 
the court. Thus, if an historian such as Ibn Hayyan is interested in a total 
lunar eclipse which took place on Monday, 14th Dhü-l-bijja 362 (15th Sep- 
tember 973) or by the apparition of a great and very bright star moving to- 
wards the north on Wednesday, 21 Ramadän 362 (25 July 973), one may 
easily imagine the concern of professional astrologers with a conjunction of 
Saturn and Jupiter®® which took place in 397/1006-07 and which implied a 


5. This is a classical argument agaiost astrology, The Moroccan astrologer of the 15th century Abñ 
“Abd Aläh al-Buqqär, wbo compiled an anthology of the Libro de las Cruses which is preserved in 
smaauseript 916 of the Library of El Escorial, refates the argument, He says that ustrology does not 
pretend to have à knowledge of ocoult things (al-ghayb) because “im al-ghayh is the knowledge of the 
future without any clues, causes, or reasons, thus being reserved ta God, See the forementioned 
Escorial manuseript, . 188r, On al-Bagqär and his anthology see Juan Vernet, Tradicion & innova+ 
ion en la ciencin medieval’", nel Modioevo: Filosofia o Seiente, Academia Nazionale 
dei Lincei (Roma, 1971), pp. 141-757. 

6. Elias Terés, “Ibn al-Samir, poeta-astrologo en la corte de Abd al-Rubmän 1 
24 (1959), 449-468, 

7, Nigäui “Arüdi Samorqandi, Chohär Magäla, Arabie translation by “Abd al-Wahhab “Azsäm 
nd Sara aKhaalubiab notes by Mufammad b. Abd alWabhäh al-Qurvint (Caro, 1944). po. 

8. Tbn Hayyän, Al-Mugrabis fi akhbr balad al-Andalus. ed. Abd al-Rahmän “Ali al-Hajji (Beirut, 
1965), p. 138; see the Spanish translation bÿ Emilio Garcia Gémer, El Califato de Cordoba an el *Mugta- 
bis de Ibn Hayyän. Anales Palatinos del Califa de Cordoba ul-Hakam 11, por Jia ibn Ahmad al-Räsi 
(Madrid, 1967), p. 172. 

9. Ibn Hayyän, Mugtabis, ed. al-Hajji, p. 1 

10, Ibn “Idhäri pretends that it was a conjunct 


ALAndalus, 


anslation by Garcia Gémez, p. 151. 
of the seven planets, See note 12. 


The Early Development of Astrology in al-Andalus 
Juuio Samso* 


AMAR QUOTES A LONG SERIES of remarks by Ibn Said 
al-Maghribi (1213-1286) on the development of the different branches of 
knowledge in Muslim Spain, Among them we find the following: 


ALL sciences are well considered and studied in al-Andalus, except philosophy und astrology 
Ctunÿini }, but these two sciences deeply interest aristocrats who da not show towarde them the 
same fear plebeans seem to feel. For whénever people say about a man, “Sa and 60 read phi. 
losopby", or she work in astrology"*, he will be considered a heretic {sindig), his spirit will be 
chained, and if he makes a mistake he will be stoned to death or burnt before news about bim 
renches the sultan, or it will be perhaps the sultan bimsel£ wo orders him to be killed s0 as to gain 
the favour of the mob. Quite often their kings are the ones who ordain the burning of books 
concerning these subjects when they find them and this is the way al-Maaçar b, Abi “Amir 
1976-91} tried to get near 10 the hearts of his subjects when he started 10 promote himself 
aithough in secret he stil cultivated these sciences, according to al-Hijäri, but God knows best. 


Ibn Satid's words summarize clearly what we could pompously call “the 
place of astrology in Andalusian society until the end of the Caliphate” (1031), 
thus covering the period Lam mainly concerned with in this paper. The impor- 
tance of professional astrologers among the governing classes seems a well 
established fact. The Umayyad sovereigns had an official astrologer appointed 
to their court since the times of al-Hakam I (796-822). An anecdote, also 
preserved by al-Magqari,t shows the credit enjoyed by the astrologer al-Dabbi 
with such an orthodox amir as Hishäm 1 (788-796), who summoned him to bis 
court immediately after his accession to the throne. Al-Dabbi came to Cordova 
from Algeciras and the dialogue between these two characters is quite interest- 
ing because it shows Hishäm's efforts to make his religious beliefs consistent 
with his euriosity to know al-Dabbr's prediction of the future of his reign; 
he, of course, asserts that, in spite of his questions to the astrologer, he does 


* Universidad Anténoma de Barcelona, Facultad de Letras, Bellaterra, Barcelona, Spain. This 
paper is mainly a development of works published by my master, Juan Vernet (University of Barcelona), 
He bas provided the bulk of the materials used here, as well as geuerous advice and corrections. I 
would ao like to thank my friend Miss Elena Montealegre, who corrected the English version of this 
paper. 

1. This is a reference to the partial burning of the library of al-Hakam IL by al-Mangür b, Abi 


ar, Nafh al-Hib, ed. R, Dozy (Leiden, 1855-1861), voL I, p. 146: ed. Muhammad Muhyi 
al-Din Abd al-Hamid (Coiro, 1367/1949), vol. pp. 205-206, 

3. E, Lévi-Provençal, Espana Musulmona hasta la caida del Califato de Cordoba (111-1031 de J.C.). 
In Historia de Espana, ed. by Ramon Menéndez Pidol, vol. IV (Madrid, 1957), p. 93. 

4 Magqari, Nofhi ed. Dory, vol. I, p. 216: ed. Abd al-Hanïd vol. F, p. 314. 
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than a, his multiplying of both sides of expression (2) by 1 cot h, and his 
cousolidating of 1 and 2 to avoid having to square a trinominal. 

It is not difficult 10 show that when a = 00° the algorism of Section 2.3 
reduces to that of 2,1, Quite possibly Käshi first poscd for himself the problem 
with the meridian wall, Having solved it, he may then have set and solved the 
general case by sing essentially the same technique. 
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From the substitution just made, & — a— a, whence (1) becomes 
(4) d = w eot h sin . 
Make use of this in the first term on the right-hand side of (3) La write 
iwcot hcos& — dot a + 10 tan g ese a — (sin & ese 4) (no esc À). 


Now invoke the definitions of the boldface symbols of Section 2,3 above 
to obtain 


(E] ne cot hoos a = 1 4 2— 3x = 4— 3x, 
together with 
(4) w cot h sin « — d. 
Square both sides of (5) and (4) and add the results, obtaining 
nt coté h = (4 — 3) + d, 


Replacing coté k in the above by Cao? À — 1, and recallng that ae cee k = à, 
we obtain 


aout = 4 — 234 x + x + d', 


or (8) 8 + 284 x = 4 ut + ds 
_ post, _#tut 

5 5 
or + 26x27. 


The positive root of this quadratie is 
à = week = Ces 2 677 —6, 
as Käshi claims, 
5. Remarks 
Since in our demonstration the boldface symbols appear in precisely the 
order in which Käshi constructs them in the text, it is reasonably certain that 
the procedure eventually worked out by us follows essentially the course he 
took a half millenium before. The expression (1) can be thought of as 
d=fiiha), 
and (2) as 
a, = f(h), 
the second to be used to eliminate the a, from the first in order to produce a 


relation solvable for #. This indeed can be done, but the algebraie and trigono- 
metrie manipulations entailed are very involved. 


Käshÿ’s astuteness is evidenced by bis decision to work with a — a, rather 


ALKASHIS ALTITUDE METHOD 225 


plane. The horizontal projection of S to S' gives the solar altitude, h. The four 
lines drawn heavily on the figure make up two pairs of corresponding lines 
(altitude and base) of the similar triangles DBT and AST. Hence 

Sin À / Sin w = 1e / (0 tan g — d), 
which is equivalent to Käsbr's rule at 187v:19. 


4. Validity of the General Algorism 
We seek a relation giving Csc, À = uw cse h — x, say, in terms of d, 10, a, @, 


and 3 (or w). Figure 2 shows a typical situation with the wall and its shadow 
projected on the horizon plane. Clearly 
@ d = w cot hsin (a—a,). 

An expression giving a, as a function of # and the parameters named above 
is 

’ Ve 3 sin à 

@) se eg (sinhtane Te 
This was regularly applied by the Islamie astronomers, for example in the 25j 
of al-Battäni ([1], vol. 3, pp. 33, 34). It is given by Käshi, using, of course the 
medieval functions, at f. 169v:5-15. The formula is probably of Indian origin 
(ef. 2], p. 181). 


Fig. 2 
Multiply both sides of it by w cot k and replace a, by a— « to obtain 


20 cot h (sin a cos & — cos a sin &) — w tan p — 10 esc h sin w, 
or 
(3) w cot h cos & = w cot h sin à cot à + w tan @ csc a—w csc À sin &w esc 
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(188r:12) (Eu + di) /5=7 
Finally, 
(188r:19) VE TT —6 = Cros he 


[Here again, the lack of negative numbers forces Käshï to give variants 
for the procedure]. 


3, Validity of the East-West Wall Rule 

The general procedure breaks down when a — 0, for then 1 — d cot a does 
not exist, Ncither does 2, for it has Sin a — 0 in the denominator. The same 
goes for 3, and the succeeding steps make use of 1, 2, and 3. 

Hence Käshï uses a different approach, the legitimacy of which is demon 
strated by use of the analemma of Figure 1. This shows the situation as projected 
on the meridian plane. The planes of the wall, the celestial equator, and the 
sun’s day cirele are all perpendicular to it, hence their projections are the 
straight lines shown. Let BT be the projection of those rays of the sun which 
strike the top of the wall. Then, since the sun is always on its day circle, its 
intersection (S) with BT produced is the projection of the sun on the meridian 
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AI-Käshr's Impractica} Method of Determining 
the Solar Altitude 


E. S. Kenneoy* and M.-Tu, Denarnor** 


1. Introduction 

The main fame of the Iranian scientist Jamshid Ghiyäth al-Din al-RKäshi 
(A. 1400) rests upon his achievements in computational mathematics. (Sce [3] 
in the bibliography at the end of the paper). The problem here described may 
add slightly to his mathematical stature, but it involves the algebraie mani- 
pulation of trigonometric relations, not computation as such. 

Käshis Persian astronomical bandbook, the Zij-i Khägni, is composed 
ofsix treatises, Of these, the last two are completely astrological, the fifth being 
given over to observational techniques for determining the horoscope at a given 
time and locality. For this, the commonest method is to observe the altitude 
of a celestial body, and then to run through a set of caleulations. 

But Käshi proposes alternatively to measure the width of the shadow cast 
by a wall, and from this to caleulate the sun’s altitude at the time. The method 
is ludicrously impractical, since, in addition to the local latitude and the solar 
declination, the azimuth of the wall is required for the calculation. And to 
determine it is much more difficult than to observe the solar altitude directly 
and be done with it, Clearly he was intrigued by the mathematical problem 
presented. 

In Sections 2.1, 2.2, and 2.3 below we give his rules for (1) an east-west 
wall, (2) a north-south wall, and (3) the general case, respectively. These are 
taken from two pages of the text (f. 187v, 188r), reproduced in facsimile on 
pages 220 and 221, by kind permission of the Director, India Office Library 
and Records. They are from the India Office copy of the 3j, MS 430 (Ethé 
2239). To identify passages from the text we give in parentheses the folio and 
line number separated by a colon. 

Käshi was justifiably proud of his solution, In general, he gives proofs for 
all his rules, For this, however, he says (196v:17-22) he has written the demon- 
Stration in a separate study. Let the reader of the zij try for himself in order to 
appreciate its difficulty, for once a demonstration is made known it seems easy. 

The missing proof is probably not extant, and we were thrown upon our 


* Justitute for the History of Arabie Science, University of Aleppo, Aleppo, Syris. 
** Pensionnaire à l'Institut Français d'Etudes Arabes de Damas, resident at the Institute for the 
History of Arabic Sojence. 
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able Chinese origin and a rather more certain Islamic transmission 10 the 
west. The Liber Jgneum manuseript shows clear traces of Arab origins and 
influence, Ielam had the paper and tlie favorable climate which together appear 
to be important in the reliable performance of primitive gunpowder. Partington 
has concluded that saltpeter was probably an Arab discovery. Details regarding 
fuse construction are found in Arabic sources rather than in Bacon, There is 
pictorial evidence which suggests an association between Arab peoples and the 
early use of guns in Europe, And finally, it is only in Hasan al-Rammäh that 
clear textual linkages with the Chinese chemical tradition are found, These 
include the organization of the formulas into ratios which assume ten units of 
saltpeter as the fundamental number, and the use of clearly Chinese terminol- 
ogy" Thus there is substantial evidence to indicate that the role of Arah 
chemistry iu bringing the knowledge of gunpowder to Western Europe was a 
fandamental one. 


76. Partington, Greek Fire, pp. 202-3. 


APPENDIX. Tabulated Experimental Results 
FIRECRACKER TESTS 


Types Q Réactions Pouder Formulas Tested 
9:14 6:1:2 20:7:3 
1 Explosion, 12,344, LABS, 56,89. 
678,910 678,10 1ù 
11 Rocket effect, 12341 
111 Smoky combustion, 8.910 
IV No combustion. [FENETER 


The Arabie mumerals denote individual tests, ten of cach beiog done for each powder formula, 
Explosions were characterised by sound, by rending nf the frecracker case, and by its physical dis 
placement. Rocket effects were éharacrerired by the emission of a column of fre through the fuse hole 
of the recracker case, Part of the time the case was moved by the resulting reaction forces from its 
original partiel burial in sand, Smoky combustions emitted na fre, but only a jet of sinoke, indicating 
a rate of burning fost enough to produce pressures inside the cose which were signifieant}y greater 
than those of the sumosphere, but insufficient}y great to ejeet portions of the charge while they were 
sui aflamne. In all three of the tests in this entegory, the 7:3:5 powder wus wetumixed, a procedure 
not developed uatil after Bucou' 


SIMULATED FIREARM TESTS 
Types of Renctions Pouder Formulas Tested 
20:7: 


1 Wad displüced in 
barrel 
I Smoke or flamme 
from vent hole 
AL No combustion 18346 LL 1245 
6810 GTBOI0 678,910 
“The Arabie numbers denote individual tests, ten of each being done for each powder formula. {n 
Aliree of the Class L reactions the wad was blown from the end of the harrel with a mil popping sound. 
An the renaining four triols it was simply pushed np the barrel a few milimeters, sometimes beïn 
charred on one side w hece the powder gases had rushed past it. In Class 1] reactions all the guses evol: 
ved by the charge escaped through the barrel vent, the wad being uamoved. In Class 111 results tbe 
powder failed ta ignite. 
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uncommon commodity in Europe, hardly the sort of material to use in the 
making of childrens’ toys. Parchment was even more costly.” Hence it ap- 
pears once more that Bacon's powder texts may be a not altogether complete 
report of developments oceurring elsewhere. In sharp contrast, paper had been 
in use in Islam since at least the mid 8th century and was by now quite cheap 
there. If in fact primitive explosive powders burned better in paper than 
in metals, this strengthens the likelihood that their discovery was more proba- 
bly made by Arab than by European chemists. 

If the container material is indeed à crucial factor, then the failure of 
the authors to test the Bacon powder in parchment becomes more serious 
than might otherwise be the case, Since we could not find any authentic parch- 
ment for testing, this aspect of the matter remains to be done, and the out- 
come might affect our conclusions. 

If the factor of atmospheric conditions, particularly humidity, was the 
problem in the mortar teste, a pro-Arab conclusion again follows. Even in the 
Middle Ages there was a clear climatic difference between the fogs and rains of 
northern and western Europe, and the sumnier, drier lands held by Islam.” 
This appears to have been especially true in the thirteenth century. 

In summary there appear to be many reasons why Bacon’e role in the his- 
toryof explosive chemistry should be de-emphasized. It cannot be shown that 
his writing antedates the Liber Igneum recipes, and there are substantial 
reasons for doubting that this is go. Bacon wrote his powder formula in code, 
and this code was not deciphered until the early twentieth century. Even now 
there is room for doubting the solution, as one of his passages still resists deci- 
phering. He stated that the use of explosive powder in childrens’ toys was already 
widely known in other lands, He does not provide instructions for the purifica- 
tion of potassium nitrate that are as complete as those of the Arab tradition, 
even if a favorable construction is placed on the eryptic chapter where these 
directions oceur, There is no evidence, as there is with the best Liber Igneum 
recipes, that contemporaries knew and used his ratios, at least as Hime and 
Newbold have decoded these. And finally, in experimental tests, the Bacon- 
Hime powder has proven a failure. Even if a new and more fanctional formula 
could be gotten from Bacon’s code, the other objections would remain, 

Thus it seems unfortunate that Hime and Partington undervalued the best 
of the Liber Igneum recipes, and praised instead the researches of their coun- 
tryman, There remain many unsolved questions regarding the origin and early 
history of gunpowder, but the balance now seems to ineline in favor of a prob- 


18. Ibid, pp. 3-6. 

16, Jbid,, pe 84. 

15. H. H. Lamb, Climate Present Post and Future London: (Methuen and Co., 1944), 11, pp. 424- 
473, especially pp. 428n and 439: C. E, P. Broôks, Climate Through the Ages (New York: Dover Publi- 
cations, 1970), Part III, Chapters XVITI-XX, especially pp. 405-6, 19-23, 330, 337, and 339. 
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Is there something about an environment made of paper which is more condu- 
cive to explosive burning of these mixtures than one made of metal? Is the 
placement of the air space the critical factor? Is there some hidden or unknown 
meaning, involving an air space or the powder ramming procedure, to the 
small diameter breech chambers shown on many of the earliest surviving 
pictures of cannon and small arms” Or could atmospheric factors have 
made the difference, all the mortar tests being run on the same day. 

In evaluating this last factor, the main support for such an interpretation 
comes from the superior performance of the 20:7:3 powder, which with 10 per. 
cent charcoal had the lowest ratio of this ingredient by far of the four powders, 
the others containing from 22.5 10 30 percent. And yet in this case the sun 
drying of the powder proceeded as it had done in the firecracker tests, 80 that 
there must be some further explanatory factor, The failure of the Liber Igneum 
powders to maintain in the mortar tests their clear firecracker superiority 
over the 7:5:5 Bacon-Hime powder points in the same direction. And finally 
sample charges of Liber Igneum powder which did not ignite in the mortar ex- 
ploded satisfactorily when repacked into a paper cracker. (These explosions 
were not counted in the enumeration given above). 

Thus, while the authors have not been able to identify the variable which 
caused the failure of most of the mortar tests, these at least help 10 justify 
the delay shown in the history of explosives between the realization that cer- 
tain powder mixtures would explode, and the use of these mixtures in guns.f 
Further work is obviously required. As the mortar tests stand, however, they 
can yield one further insight of possible importance, 

Itis notable that all the non-Chinese thirteenth century powder manuscripts 
speak of the use of explosives in paper or parchment containers. Uncontroverted 
evidence for the existence of guns, on the other hand, does not appear until the 
fourteenth century. Since our experiments reveal some sort of factor which 
prevented our powder mixtures from performing as well in metal pressure 
vessels as in paper ones, it becomes important to note that in the thirteenth 
century paper was a relatively scarce commodity in Christendom. Its manufac- 
ture in Europe did not begin until the mid-thirteenth century, and it did not 
become commonplace until rags began to be used in its manufacture in the 
sueceoding century. Hence in Bacon's time paper was an expensive and 


70. As for instance in Konrad Kyeser aus Eichstätt, Belljortis, dating from about 1404, or the 
Hussitenkrieg Huodschrift of about 1430. For a discussion of these and other early military manus- 
cripts see Bertrand Gille, Engineers of the Renaissance (Cambridge, Mass.: M.I.T, Press, 1966). 

7. Chinese, Mongolian, or Islamic uses of gunpowder appear to date from the twelfth century or 
even entlier. The first datable illustration of a gun comes from the Walter Milemete manvscript of 
about 1326. An Arabie manuseript of the fifteenth century, which may dérive from an early thirteenth 
century original shows à gun with a ball being thrown from ite month, but the dating is disputed. 
See Partington, Greek Fire, pp. 204-6, and fig. 10. 

12. Blum, Origin of Paper, pp. 22-33. 
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than does the firecracker, Accordingly, this was done. Model mortars were 
constructed of steel pipe, closed at the brecch by a threaded cap, the pipes 
being 150 millimeters long and 19 millimeters in internal diameter. The caps 
were drilled with iguition holes of 3,2 millimeters diameter, the smallest wbich 
would function reliably with our mixtures. Ignition was done by woaden 
matches, red hot iron, and with fuses made as described above. Tlus those mor- 
tars were very similar in size and shape to the carliest surviving hand cannon 

To load the mortars a charge of powder of about 1.25 grams was used for 
all formulus, It was not weighed each time, but determined by stricken meusure, 
This charge was rammed well into the base of the breech cap in obedience to 
the traditional instructions regarding the best handling of serpentine powder, 
reinforced by Williams’ more recent experience.f® Meantime the baxrel of the 
mortar was prepared by ramming a wad of crumpled newspaper down its 
length until the wad reached to within about 15 millimeters of the threaded 
end, This meant that when the cap was serewed onto the barrel au air space 
of slightly greater than this height wvas left between the wad and the powder 
charge. Notice that this arrangement varied somewhat from that of the fire- 
cracker configuration, for in the latter the fuse was able to burn in an air space 
before reaching the powder, whereas in the mortar the flame had to burn 
throngh the powder before reaching the airspace. This consideration may 
account for some of the variation between the to series of tests, but it seems 
unwise to make it the sole explanatory factor. For auyone interested in du- 
plicating our experiments and extending the results, we would suggest closing 
the breech of the barrel with a plug containing a small diameter chamber 
loaded in some way-as to préserve an air space around the fuse even after 
the charge has been rammed. Perhaps this would give better results than we 
obtained. 

The mortar tests were run in parallel to the firecracker tests, ten shots 
with each of the same powder formulas being tried. Only the powder made 
according to the Newbold formula gave any suecesses, and these were not 
uniform. In seven of its ignitions the powder either burned with enough speed 
to expel the wad with a mild popping sound, or at least jetted flame and fre 
past the wad with sufficient force to move it from its original place or burn 
a portion of it, In the remaining three trials, the gas and flame simply jetted 
out the vent hole, nothing else being accomplished. 

In none of the three remaining series of tests were the authors able to 
make the powders perform at all reliably. In most cases they resisted repeated 
attempts to light them. Why this should be remains something of a mystery. 


6. See note 64 above. 

69. If the ignition was attempted by trickling loote powder down iüta rhe vent hole, 1h 
powder would burn and then the reaction would stop. leaving the main charge intact, If iguition was 
done by thrusting 4 red hot wire into the vent hole, nothing at all would happen. Fuses would burn 
down to the main cbarge ani chen go out, 
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residue on the inside. This provided additional evidence that the Liber Igneum 
powders had burned much more rapidly and thoroughly than the Bacon-Hime 
mixture, Hence Hime’s belief that the explosions described in Liber Tgnoum 
were due to the slow buildup of pressure inside the case fails for this reason 
also. 

Open air burning of the Liber Igneum powders further confirmed this view. 
The best instances of these tests displayed burning times of less than three 
seconds, and the longest burns needed less than five seconds. The flames were 
of a lighter red, verging on white, In a good ignition the individual sparks 
would coalesce into a single central column of fire. The burning would be con 
tinuous, rather than sputtering, and would often be accompanied with a hissing 
or rüshing sound. The smoke volume was lower, the remaining residue less, and 
of a lighter gray color. Generally ignition was accomplished easily with a 
wooden match, smouldering fuse, or red-hot iron, 

The powder having a ratio 20:7:3 displayed characteristics intermediate 
between those of Liber Igneum and Bacon-Hime. This is gratifying, because as 
was stated above it was based on Newbold’s interpretation of Bacon’ anagram, 
and was chosen, in spite of the laws in Newbold's approach, admitted both by 
himself and his editor, because of its cioseness to modern powder ratios. With 
a 66 percent saltpeter content it contained nearly as much as nineteenth 
century Russian blasting powder, and 6 percent more than Austrian mining 
powder of the same era. But obviously it has too much sulfur and too little 
charcoal. In half the tests it did not explode but merely burned rapidly, usually 
emitting a jet of fire like a rocket.” In one instance the bottom of the case was 
opened by the charge, but whether this was done by gas preseure or merely by 
the cutting of the flame jet could not be determined by examining the case, 

It follows straightforwardly from these tests that the Bacon-Hime powder 
does not appear to measure up t0 the claims which have often been made for it. 
But since Hime may not have interpreted Bacon’s anagram correctly, an ele- 
ment of doubt remains as to whether it was Bacon or Hime who appears to have 
unjustly occupied a place of importance in the history of chemistry. Since 
Newbold's interpretation of Bacon’s formula also appears to function less well 
than the Liber Igneum mixtures, the authors are inelined to assume that the 
Arabie tradition of powder transmission is the much more probable one, But 
since some future student may devise a more functional interpretation of 
Bacon's cypher, it seemed well to attempt 10 find other ways in which to com- 
pare the English and Arabie accounts of ganpowder origin. 

Obviously one way of doing this is to try the ancient powder recipes in a 
testing arrangement which more closely duplicates the situation of a firearm 


66, Partington, Greek Fire, p. 426-7. 
67. Fire was emitted in three of the five non-explosions, and jets of smoke only in thie remaining 
two instances. 
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Several further observations indicate that the Bacon-Hime powder con 
tained an excess of charcoal and a deficieney of potassium nitrate, In comparison 
with Liber Igneum powder it produced more smoke, of a darker and denser 
quality, and left more sooty residue behind when the burning ceased. It absor- 
bed moisture much more readily. When stored under conditions of high humidi- 
ty together with Liber Tgneum powders and then dried in the sun in glass 
containers with lids placed loosely atop, the Bacon-Hime powder would cover 
the inside of its jar with a white condensation which completely fogged the side 
of the jars, rendering the powder within invisible. The Liber Igneum powder 
would emit only enough water to condense here and there into droplets on the 
glass, Obviously the high percentage of charcoal in the Bacon-Hlime powder 
had made it much more hygroscopic. 

This beiug the case, it is worth noting that the tests were conducted under 
température and weather conditions which were held as nearly constant from 
one powdér batch to another as was practicable. Temperatures during the 
tests ranged from 70 to 89 degrees Fahrenheit, and humidity from 68 to 80 
percent.% After days of rain or very high humidity, the powder ingredients 
were oven dried separately at 107 degrees Celsius for half an hour before mixing. 
Mixed powder stored overnight or longer was spread out in the sun for half 
an hour, 

Again referring to the table, it can be seen that thetwo Liber Igneum pow- 
ders both performed satisfactorily in the firecracker tests. In no case out of the 
twenty tests (ten of each formula) did the result fall short of explosion. One 
of the crackers charged with 6:1:2 powder required relighting a second time, 
and one of the 9:1:3 crackers required two relightings. These failures, however, 
may have been due to the fuses, In contrast, some of the 7:5:5 crackers were 
re-fused as many as five times without successful ignition. 

The explosive reaction was registered in various ways. Sometimes the 
wooden plug was blown from the case. At other times the case end was blown 
off, or a hole was torn in one side of the tube. The plugs were blown as high as 
six meters, in the authors’ estimation, and case fragments were thrown as far 
as eight meters from the ignition site, The noise of the explasion might best be 
described as a pop, a boom, or à roar, rather than a sharp, violent crack, In 
comparison with modern firecrackers, containing only 100 milligrams of powder 
the Liber Igneum erackers were much less noisy. Thus, while their powder is 
much more fanctional than that of the Bacon-Hime formulu, it is by no means 
of modern strength. 

In comparing the salvaged casings left behind after the Liber Igneum explo- 
sions with those left after the wet-mixed Bacon-Hime burns, it was noticed 
that the Liber Tgneum cases were much less charred and much less coated with 


65, Testing was done in West Lafayette, Indiana, during June, July, and Augnët of 1978. 
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eylinders bent into à zig-zug chape. Called English Crackers, or grasshoppers 
in England, these folded crackers are used as toys by children, reminding one 
that in Bacon’s time this was already true in “diverse parts of the world”, 
Lit at one end, they give a separate explosion each time the flame burns through 
a beud in the tube, When fred on the ground they leap up at each blast, hence 
the name grasshoppers. Their oldest description in writing goes back to the 
1630s.% These bent or folded crackers hence perhaps offer another instance 
of western European indebtedness to the Liber Tgneum tradition. 

In charging the erackers the authors settled on a uniform charge of 1.3 
grams. As Bacon specified that an air space should be left inside the case, 
(which was about the size of man's thumb, and to be filled half full), an air 
space about 12 millimeters long was left inside the case between the base of 
the wooden plug and the top of the charge. The charge was rammed well down 
into the tied-off end of the case in obedience to the traditional instructions 
regarding the handling of uncorned powder. Thus part of the pressure con- 
tributing to the expulsion of the fuse came from the heating of the air in this 
space. 

As can be seen from the first of the two tables appended to this paper, the 
powder prepared according to the formula which Hime published as the solu- 
tion to Bacon’s anagram fell far short of his claims made for it. Out often 
attempts, using the firecracker arrangement just described, seven did not 
ignite at all, In the case of the three charges which did burn to some degree, 
these were all three specially prepared charges, wet-mixed in an attempt to 
give the Hime-Bacon ratio an even greater chance ta prove itself than the 
conditions of the experiments had heretofore done, Even this wet-mixed powder 
did not explode. It burned in a slow, sluggish. incomplete fashion. There was 
no spurt of fire from the fuse hole, but only smoke. Thus this mixture fell short 
even of performing at the level of a rocket. 

Open air burning tests of this same mixture confirm its poor proportions. 
After repeated failures in the cracker configuration, using fresh lengths of 
fuse inserted into the case, the powder was poured out on a board and attempts 
were made to light it using various means, including wooden matches, red hot 
iron. wires, smouldering lengths of fuse, and a propane torch. Often repeated 
efforts would be required, even with the torch. Once lit the powder would burn 
slowly, requiring from seven to as long as nineteen seconds for the flame to 
completely traverse the pile. The Bumes of the burning were of à dull red or 
orange color, Many separate sparks could be observed, indicating the ignition 
of single particles only, whose burning lasted long enough to identify them 
as individual flames as they were carried upward through the air. 


62. Davis, Chemistry of Power, pp. 14, 111. 

63. According to Davis, Chemistry, pp. 40 and 55, they appear in Hanzelet Lorraine, La Pyrotechnie 
(Pont à Musson, 1630): and John Baie, The Mysteries of Nature und Art (London, 1635). 

64. Hime, Gunpowder, p. 181: Williams, “Some Firing Tests". 
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Perhaps the best way to appreciate all of this is to obtain some parchment 
and somé common paper and experiment with its behaviour. At any rate, 
it can be seen that the relevant texts harbor diffieulties that lie in the path 
of Hime’s interpretation. 

Al that Bacon says about his parchment cases is that they are about the 
size of a thumb, and made of a small piece of the substance.” But unless an 
exhorbitant number of wrappings of this stronger material are used, any 
parchment piece which can be coiled into à thumb-sized roll must necessarily 
be small in comparison to, say, à folio-sized sheet. The point of Bacon's remark 
is simply to marvel that something as smail as a thumb can emit a sound that 
compares with the roar of an immense thundercloud, He is not giving precise 
materials specifications. And finally, Bacon notes that if the case of the cracker 
could be made “of solid material” (de solidus corporibus)"" the violence of the 
explosion would be much greater. From this it would seem to follow that bis 
powder was at least as dépendent upon close confinement for its successful 
explosion as that described in Liber Igneum. Hence these texts will hardly bear 
the weight of the interpretation that Guttmann, Hime, and Partington have 
put upon them. 

In elosing out this topic, one must note that the Mirabilis Mundi text 
specifies a case made of paper (tunica de papyra).® Thus, if this work is indeed 
the produet of Albertus Magnus or one of his pupils, the use here of the same 
material as in Liber Tgneum helps further to lead the European powder tradition 
into a relation of dependence upon prior Arab experiments. 

Aside from the material of the case, Bacon does not specify its form. But 
since it was like a thumb, it must have been a cylinder. In Liber Igneum, how- 
ever, it is stated that the rocket case may have “bends at will” (plicaturas 
ad libitum) (Guttmann's translation), but that the cracker case may have 
“only some bends” (quam plurimas plicaturas)." The meaning of this is not 
altogether clear. Guttman has chosen to translate plicaturas as indicating folds 
or hende. It might alternatively be translated as wraps or coils, and in this 
connection the passage could indicate that the cracker cases should be thicker 
than the rocket tubes. It is not quite clear why a rocket tube would benefit 
from being folded upon itself, unless this were to be done to the head of the 
case, so as to produce one or more aerial explosions after the tube had reached 
its full altitude, How this might be done, and how plicaturas of the bending 
or folding sort might be applied to firecrackers, is explained by the existence 
in France and England of an old firecracker tradition using powder-filled 


58. Hime, Gunpouder, p. 159: Prtington, Greek Fire, p. 77. 
59. Partington, Groek Fire, pe 18. 

60. Ibid, p. 86. 

61. Guttmann, Manufacture, pe 8. 
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The authors found that with powder which did burn explosively, the fuse 
was generally expelled from the hole at the time of the explosion, and often 
beforehand. What seems to occur is that the gases generated by the burning of 
the fuse composition create enough pressure in the case to blow out the fuse, 
even before the main charge has been well lit. The explosion then oceurs even 
with a vent open to the atmosphere, With good powder the explosion will rend 
the case. With powder not so good the rapid burning may take the form of a 
rocket effect, with a jet of fire being sprayed from the fuse hole. With bad 
powder, the fuse will burn down inside the case, often expelling itself through 
its own gas pressure, but at that point the process stops. The powder fails to 
ignite. 

And indeed Hime's discussion of the difference between the firecracker 
cases of Bacon and of Liber Igneum fails to consider that they were made of 
different materials. In Liber Igneum both the rocket and firecracker cases 
were made of “papyro”, or paper named after the papyrus from which it 
was fret made, In Opus Majus and Opus Tertium, Bacon’s terms for the case 
material are “pergameno”, and “pergament”,# which translate as parchment. 
The name derives from the town of Pergamum, famous in antiquity for its 
library, where the use of parchment as a writing material was first developed. 

The Liber Igneum texts do indeed specify that rocket and firecracker cases 
should be made “short and stout” (brevis et grossa),5 but this may be only to 
contrast their external dimensions with the rocket cases, which are to be made 
“thin and long” (gracilis et longa).# presumably to give them better aerody- 
namie qualities and to prolong the burning of the powder column. Even if the 
“stoutness” refers to the thickness of the sidewalls of the case, rather than to 
the ratio between its height and diameter, the use of paper rather than parcb- 
ment may account for this difference, Before the middle of the thirteenth 
century, paper was generally made of vegetable fibers of a non-cotton sort. 
It was rejected by law for such important uses as documents because it was 
neither as strong nor as durable as parchment.#” If many layers of paper were 
necessary to make an adequate cracker case, then binding the ends would 
indeed require strong wire, as the authors’ experience with case manufacture 
of newsprint showed. Even with thin paper the crimping involves much effort. 


p: 54. The older term had been transferred to the newer materinl, but 
by the Middle Ages, at least in the Innde dominated by Isla, papyrus had her displaced by paper, 
See Andre Blum, On The Origin of Paper, trans, by Hurry M. Lydenberg (N.Y.: R. R. Bowker Co. 
19%). 
53, Partington, Greek Fire, pp. 17-8 . 
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A: Knopf, 1943), pp. 14-18. 

55. Partington, Greek Fire, p. 49, 

$6. Ibid. 
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ture explosion or ignition. After a series of initial tests of mixing times of vary- 
ing lengths it was decided to standardize on twenty minutes of hand mixing. 
This was done throughout the tests reported below for all the formulas tested. 
Unless otherwise noted, all powder was dry mixed. 

To prepare the firecracker casings common newsprint was torn into strips, 
wrapped a certain number of times around a 19. millimeter mandrel, and taped 
Jongitudially along the free edge with a single piece of making tape to prevent 
its unwrapping. The tube thus formed was then slid off one end of the mandrel 
for a distance sufficient to permit erimping the paper together and tying it 
shut by wrappiag it tightly with 90 kilogram test dacron string. This gave a 
paper tube closed at one end. To close the other after the powder charge had 
been inserted, wooden plugs with holes drilled for the fuses and lathe turned 
for a slip fit into the cases, with a groove around the outside, were used, After 
these plugs were in place, further windings of string compressed the paper 
case into the plug groove, thus elosing the remaining end of the case, 

The cases were initially made in two thicknesses, one having eight full 
thicknesses of newsprint and the other seventeen. This was done in au effort 
to test Hime’s belief that it was the strength of the case only which permitted 
Liber Igneum powder to make an explosive noise. After initial testing it was 
found that Hime’s opinion did not fit the facts, and the remainder of the tests 
were conducted with a standard case of 17 thicknesses of newspaper. This 
approach, in common with the procedures described above, gave the Bacon- 
Hime powder advantages which historically it may not have enjoyed, thus 
increasing the rigor of any negative test results, 

It was the behaviour of the fuses which provided the authors with the 
first experimental evidence of Hime’s error. After several unsuccessful attempts 
at fuse manufacture the authors settled upon one made from three pieces of 
common parcel string twisted separately and then laid up into a miniature 
rope. This was then thoroughly smeared with a paste made by wetting modern 
commercially made black gunpowder with water. When dried this burned 
satisfactorily. Its finished diameter was such that it would jnst slide through 
a hole 2.2 millimeters in diameter. 

With the fuses thus merely slid into place in the cases the authors fell 
short of obtaining the gas-tight seal that Hime thought necessary for the Liber 
Tgneum powders to burn well. Liber Tgneum recipe 13 docs indeed specify that 
fuses should be made smaller at the ends than in the middle, and that the fuse 
hole should be a small one.‘ However, the text does not specify that the fuses 
should be inserted until they seal the hole, and the tapering of the ends may 
only have been to facilitate their initial insertion. At any rate, since Bacon 
is silent on the matter of fuses, here again the Liber Igneum text gives more 
evidence of actual experience. 
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al-Rawmmäh’s ratios are close ta those of Newbold, so that the results of testing 
the latter can be partly applied ta the former. 

To prepare the powders modern ingredients were used. This gave all the 
old ratios the benefit of the doubt, but Bacon’s more than Liber Igneum, since 
the saltpeter purification process described in Bacon is inferior to that of the 
Arabic tradition.t* Also, since the percentage of potassium nitrate in Bacon's 
formula is smaller by about a third than the Liber Igneum recipes, it seems 
obvious that his recipe will suffer from à shortage of oxidizer to a much greater 
degree than its rivals. Thus, providing Bacon’s formula with modern ingred- 
ients will differentially confer an advantage upon his formula, and make the 
experiment a stronger test in the event of his powder performing badly. It is 
in any case impossible to duplicate exactly the purity levels of medieval 
ingredients. 

The oldest surviving works which compare the strengths of powder con- 
taining varying proportions of potassium nitrate, assigu the higher performance 
levels to the formulas containing more of this ingredient, either implicitly 
or explicitly. Francesco di Giorgio Martini, for instance, writing in #bout 
1465, listed powder formulas appropriate for guns of different sizes4 The 
formula for bombards and mortars shooting stones of 200 pounds or more con- 
tained only fifty percent saltpeter. The percentages increased steadily as the 
gun size decreased, reaching 74 percent in small arms. Since the guns of the 
time were known to be weaker in the larger than in the smaller sizes,* it must 
follow that the formulas lower in saltpeter had lower performance levels. The 
same conclusion can be drawn straightforwardly from the formula lists given 
in Tartaglia, who wrote before 1537; from the  Stridhs-konsth of Peder 
Mansson, written before 1534:* and from German and French sources of the 
1540°s and later.4 

From these data and our experiments, we suggest that very early powder 
formulas approximating to 1:1:1 could only be used in applications where 
the charges were large enough to permit temperatures, pressures, and thus 
burning rates, 10 rise greatly after ignition, but before the powder was 
consumed. 

For mixing the ingredients the Liber Tgneum text suggested braying them 
together on a marble slab. The authors found a ceramie mortar and pestle to 
be sufficiently authentic, and much more convenient to use than a flat surface. 
Ingredionts were weighed to the nearest half gram, and mixed in very small 
batches under suitably controlled conditions to minimize the danger of prema- 
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misfire once in every four shots or more. These misfires took the form of non- 
explosive burning, wherein the release of gases would be so slow that much 
of the energy of the charge would vent itself through the touch hole of the gun 
into the air, rather than ejecting the ball. Occasionally under these conditions 
the ball simply rolled to the muzzle of the gun and dropped to the ground 
immediately below. When the dry mixed powder did explode it was capable 
of throwing a ball at velocities ranging from 190 to 270 meters per second. 
Generally it failed to penetrate simulated armor at roughly 9 meters distance. 
Wet mixing the powder increased the muzzle velocities by about 30 m 
per second, and the rate of misfires dropped 10 less than one in ten. The simu- 
lated armor was now penetrated about half the time. 

These tests were all run using iron tubes to simulate the barrel of an early 
gun. As noted above, neither Bacon nor the earliest Arab traditions discuss 
powder explosions in this context. Rather they specify that to make a noise 
like thunder and a flash like lightning, one should construct a small paper or 
parchment cylinder, about the sire of one*s thumb, bound at the ends with 
iron wire and half charged with powder, What they describe is thns an ancestor 
of the modern firecracker, 

It was decided to condact a series of experiments using powders whose 
ratios were the same as Hime’s interpretation of Bacon’s anagram (7:5:5), 
the two best recipes in Liber Igneum (6:1:2, and 9:1:3), and an amended in- 
terpretation of Bacon’s cipher by Newbold (20:7:3).4 The latter appears to 
have attracted little attention among subsequent students of gunpowder 
history, doubtless in part because its author admitted that he bad reached 
his conclusions by an arbitrary process. and his posthumous editor moreover 
detected errors in his cryptographie process. The closeness of the Newbold 
ratio to modern powder, however, offered an opportunity to see what dry- 
mixed powder of a more optimal potassium nitrate percentage than that tested 
by Williams would offer in the way of performance. The Liber Igneum recipes 
were tested in preference to those of Hasan al-Rammäh for three reasons. 
First the Liber Tgneum text claims that the powder will explode, which Hasan 
does not. Second, the Liber Igneum texts are more important in European 
history. Third, since Hasan al-Rammäh's potassium nitrate ratios are closer 
to modern values, testing the inferior Liber Igneum ratios poses a more crucial 
test for the importance of the Arab chemical tradition. As it happens, Hasan 


43, Williarn Romaine Newbold, The Cipher of Roger Bacon (Philadelphia: The Univer-ity of Penasyl- 
Press, 1928); see also Robert S. Bmmbaugh, editor, The Most Mysterious Monuseript: Th 
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son between Bacon aud the Arab formulas, 
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addition Partington’s view that the man shown in Bellifortis firing a rocket js 
dressed in Arab costume.® He is additionall y of the opinion that the man fring 
the cannon in the Milimete manuscript, the oldest surviving clearly dated 
picture of a cannon in existence, is shown with a darker complexion than an 
Englishman would likely have possessed* The early Spanish artillery treatise 
of Diego Ufano seems to follow Liber Janeum phrasing in one instance#* And 
finally, one of the manuseripts of Francesco di Georgio Martini, who flourished 
ca, 1450, contains an Italian translation of Liber Igneum.° 

From the above it now appears that the rival claimants to the introduction 
of gunpowder into Europe, Bacon and the Arabie alchemical tradition, now 
appear to have origins in roughly the same time period. Fortunately, the 
considerable composition ference between their formulus offers a way of 
resolving some of the resulting uncertainty. Upon examining the literature 
the authors were unable to find any previous instance of an experimental test 
of Bacon's formula. Two experiments came close, and both tended to reinforce 
the doubtfulness of Bacon's claims. 

Tage Lassen experimented in the 1930°s with a mixture of 35:35:30, and 
found that even when a very large powder charge, almost equal in weight to 
the ball, was used in a duplicate of a 14th century hand cannon, the ball was 
thrown less than 20 meters# Lassen did not specify whether this powder ex- 
ploded, with a sharp cracking or booming sound; or whether it simply burned 
rapidly, with a rushing or hissing sound. Lassen reported that in damp weather 
this mixture would not ignite, doubtless because of the hygroscopicity of 
the charcoal. 

In 1974 Williams published the results of test fring a similar fourteenth 
century handgun design with a mixture of 6:1:2. or the Albertus Magnus 
Liber Igneum mixture number 13.* Lassen had simply dry mixed his ingredi- 
ents, since wet mixing, with subsequent drying of the paste and then crombling 
it into corns"” or “grains” does not appear to have been known before the late 
fourteenth or early fifteenth centuries. Williams tested his mixture first by 
dry-mixing only, and then by additionally moistening and corning it. 

The dry-mixed powder, presumably the version which wi uld have been 
known in the thirteenth century, did not perform at modern levels. Unless 
carefully rammed, it would tend to settle out into its ingrédients, and then 
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contains about 41.2 percent saltpeter, and about 29,4 percent of both sulfur 
and charcoal. 

The early Arab mixtures, in contrast with Bacan’'s, are much closer to the 
modern ratios. Hasan al-Rammäb's recipes, for instance, are organized around 
the ratio of ten parts saltpeter to one or two parts sulfur and two to threc 
parts charcoal# Thus Hasan's potassium nitrate percentages range from 
about 66 to 72 percent, well within the range of variation encountered in gun- 
powder as late as the nineteenth century.#* The case is similar for the best 
recipes in Liber Igneum. As noted above, Numbers 13 and 34 specify the 
ratios 6:1:% and 9:1:3 respectively, The saltpeter percentages here are 66 and 
68, in that order. These data appear to be difficult to reconcile with Hime’s 
contention that the strength of the firecracker cases in Liber Igneum is the only 
factor which enables these powders to explode. 

Before closing off the discussion of problems in earlier interpretations, 
it seems appropriate to point out the positive contributions made by Hime, 
Partington, and Guttmann to the understanding of the role of Liber Igneum. 
Their work makes it clear that the attribution of the manuscript to Mark the 
Greek should not obscure the traces of Arab origin in the earlier part of the 
piece The employment of Arabic terms and the reference to eastern Medi- 
terranean kharif rains, both point in this direction. Thus it appears that a 
Greek or Byzantine role in the history of the text is limited to its transmission. 

Moreover, the historical role of Liber Igneum in the diffusion of gunpowder 
technology in Europe is both considerable and clearly demonstrable, in sharp 
contrast to the uncertain status of Bacon’s formula before Hime deciphered 
it. As noted above, Albertus Magnus appears to have known a recipe before 
1280 which is frequently identical in its wording with Liber Igneum recipe 
number 13, The Brst important powder discussion in German, Konrad Kyeser 
von Eichstätt’s Bellifortis, written before 1404, contains the Liber Igneum 
text The Munich manuseript CLM 197, from the second quarter of the 
fifteenth century, also contains it;® as do most of the manuscripts in the 
extremely important German fifteenth century Feuerwerksbuch tradition. 
As was mentioned above, the oldest English powder manuscript after Bacon, 
that of Robert Arderne, seems to be condensed from Liber Tgneurm. It is in 


31. Jbid., pp. 202-3. 

32, Hbid., pp. 324- 

33, As, Hime, Gunpowder, pp. 10-16: Partington, Greek Fire, pp. 57-01; Guttmonn. Manufac- 
ture, p. 9. 

34. Konrad Kyeser aus Eichétätt, Bellifartis, trans. and ed, by Güte Quarg (Dusseldorf, Verein 
des deutecher Ingenieure, 1967), pp. 57-77 (folios 91b-103a). 

35. Partington, Greek Fire, pp. 144-5. 

26. Jbid., 152; Wühelm Hassenstein, ed, Das Feucruerksbuch ren 1420 (Munich: Verlag der Deu- 
tschen Technik, GMBIT, n.d.), pp. 85, 87. 
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in many parts of the world.% If this is the case, then what possible reason 
could Bacon have for writing about gunpowder in code ? And what becomes of 
his claim to its invention if within two decades at most of his coded revelation 
children were commonly playing with such mixtures? And does not Bacon’s 
reference to children of “the world”, rather than to, say England or Christen- 
dom, hint that gunpowder may have come to Europeans from some other 
civilisation ? 

The simplest way of solving this problem seems to be the assumption that 
Bacon wrote in code because he was worried about ineurring the suspicion and 
the wrath of a Church inereasingly suspicious about his interest in scientific 
experiment.5 It is well known that his interest in Arabic science made him 
suspect, and he might well have chosen to conceal the source of his information 
for this reason, In this view, then, Bacon was à persecuted transmitter of 
chemical information rather than an innovator, 

But perhaps allowance should be made also for the possibilities that Bacon’s 
writings have been corruptly transmitted to posterity, or that his codes have 
not been correctly solved. À point to notice in this connection is that the 
earliest manuscript of De Secretis is fragmentary and doës not contain the 
powder formula anagram. The oldést complete manuseript is from the fifteenth 
century, or well after gunpowder had become common.®" 

A major diffieulty with the Bacon-Hime formula is its very low proportion 
of potassium nitrate in comparison with the bulk of the surviving early powder 
formulas. Ît is true that a fow early German formulas give low percentages 
of saltpeter, and some of the formulas which Tartaglia specifies as “most 
ancient” drop down as low as L:1:1# This stinting on the vital oxidizer for 
the mixture could doubtless be justified on the grounds of the high relative 
cost of saltpeter. Hime”s researches testify amply to this.® But the imbalance 
of the mixture from a modern perspective raises the question of just how well 
Bacon’s powder really worked. As Partington has pointed out, even clearlÿ 
incorrect and unworkable recipes were often transmitted alongside proper 
ones, perhaps in the hope that further investigation would uncover their 
“secrets”"30 Modern black powder generally contains around 75 percent 
saltpeter, 10 percent sulfur, and 15 percent charcoal. The Bacon-Hime mixture 
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nitrate. For Partingtou this “first clear account of the process” dates from 
around 1280. 

Hasan al-Rammaäh shares with Liber Jgneum the credit for introducing the 
idea of the fuse and information on how to install it successfully in a frecracker 
case. As will be seen below this is a point of some importance, given the 
behaviour of early gunpowder. Bacon is silent on the topic. 

An additional problem in Hime's analysis is his complete neglect of Liber 
Jgneum recipe 33, He considers recipes 12 and 13, but dismisses them as capable 
of produeing a rocket effect only." It is true that the recipes speak of the 
manufacture of “flying fire", but recipe 13 gives in addition directions for 
making a casing in which the powder will explode.® Recipe 33 speaks also of 
the making of “flying fre,” but its potassium nitrate content, at 68%, is even 
higher than that of recipe 13, which contains 66%. As will be seen below, 
these percentages appear to be crucial, Partington gives a translation of recipe 
33. but then passes on without further substantial comment.#? 

A remaining difficulty in Hime’s presentation has to do with the eryptie 
original form of Bacon’s explosive powder formula. Given as an anagram, it 
was apparently not deciphered until Hime published on it in 1904. This late 
date immediately raises the question of whether anyone else between Bacon’s 
time and the beginning of the twentieth century had been made privy to Bacon’s 
“secret”. If they had not, then how did the knowledge of powder manufacture 
diffuse through late medieval Europe ? 

The only other early English powder formula, that of a Doctor Arderne, 
living ia Newark until about 1377, is not the same as that of Bacon-Hime. It 
specifies as ratios 6:1:2. This is the same as recipe 13 from Liber Jgneum, and 
indeed Arderne follows that source word for word in places, both here and in 
other places in his writings.“ After Arderne there seem to be no other pecu- 
liarly English powder recipes until the time of Peter Whitehorne, who wrote 
in 1562, 

Indeed, the whole question of secrecy in Bacon’s work appears to have been 
seen from the wrong Vantage. His use of code has helped give credence to the 
belief that he was one of the very first persons to know explosive powder. But 
the eryptic descriptions in his works were written at the earliest in the 12505, 
and possibly as late as 1265-8, Thus it is important to notice that in Opus 
Majus and Opus Tertium, written 1266-68, he describes gunpowder in clear and 
straightforward Latin as being used in children’s toys which are known and used 
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Partington departs from Hime's approach at this point, however. Whereas 
Hime had characterized Bacon as the discoverer of gunpowder, Partington 
felt that this was uncertain. Bacon certainly knew of its explosive properties 
and other effects, but Partington expressed some doubt that he had ever 
worked with it personally." The question of whether Bacon bad received 
knowledge of explosive powder from an earlier source, such as Liber Igneum, 
Partington dismissed as being incapable of a definite answer* Even with 
this uncértainty, however, Partington felt that Bacon, together with Albertus 
Magnus, were “two of the greatest scientists of the Middle Ages." 

Al these interpretations harbor difficulties, The tradition deriving gunpow- 
der from Berthold Schwarz is late, and in general now seems unlikely, Hime’s 
dismissal of the saltpeter-containing recipes in Liber Igneum as too late to 
precede Bacon's gunpowder formulation is a precarious conclusion. For Par- 
tington provides evidence that saltpeter was known to the Arabs as early us 
1225, when Bacon was only about ten years old. Again, the manuseript De 
Mirabilis Mundi, usually attributed to Albertus Magnus, Bacon’s teacher, 
contains a recipe for explosive powder that appears to have been condensed 
from recipe 13 in Liber Igneum, and is in places word for word identical with 
it In the places where condensation has occurred, the Mirabilis Mundi text 
is markedly less clear than that of Liber Igneum. Not all agree that the text 
was a genuine work of Albertus, but Partington found reasons for believing 
in its probable authenticity. He felt that if it was not by Albertus himself, 
then it was the work of a pupil. And since Albertus died only about four years 
before Bacon, the De Mirabilis Mundi text thus poses a serious challenge to 
Bacon’s priority. Partington believed that if it was not an original work of 
Albertus or a pupil, it might have been copied by a pupil from a collection of 
Arab chemical recipes. 

Again, Hime credits Bacon as being the first to describe clearly an effective 
process for refining potassium nitrate His view, however, as Partington 
points out, rests upon an arbitrary reconstruction of the eryptic Chapters 
IX and X in De Secretis, and is thus open to doubt, Partington makes a much 
stronger case for Hasan al-Rammäh, who died in 1294 or 1295 while stillin his 
thirties.? Al-Rammäh not only describes this same purification process in 
adequate detail, but adds the use of wood ashes for precipitating calcium and 
magnesium salts out of the solution prior to the erystallization of the potassium 
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Hime’s chief contribution to the history of gunpowder has been to support 
Roger Bacon’s claim to the invention of the substance. He considered the 
claim of Liber Igneum, but at length dismissed it for several reasons. First, 
some of the recipes in the text could be dated from as late as 1300, or after 
Bacon’s death sometime between 1284 and 1292, and certainly later than 
his writings on explosive powder, De secretis, Epistolas fratris, Opus Mogus. 
and Opus Tertium. Second, Hime considered the powder recipes in Liber 
Igneum to be incapable of vielding a satisfactory explosive. (In this opinion, 
Guttmann coneurs.) Third, he believed that Bacon’s writings contained the 
most satisfactory instructions of the period for refining potassium nitrate, 
the chief component of gunpowder, These were in code, which he claimed to 
have deciphered. And fourth, Hime believed that he had also solved the ana- 
gram in Bacon's De Secretis in which the gunpowder formula was given. Hime 
believed that Bacon’s formula consisted of seven parts potassium nitrate, or 
saltpeter; five parts sulfur; and five parts charcoal. Two studies disputing 
Hime’s conclusions are known to the authors, and will be briefly considered 
below For those who accept Hime’s conclusions, and these appear to be in 
the majority, this Bacon-Hime 7:5:5 formula thus becomes the earliest pub- 
lished indication that an explosive powder had become known. Here as below, 
these numbers will denote the proportions of potassium nitrate, sulfur, and 
charcoal, in that order, 

Partington’s work, the most recent attempt to survey the whole subject, 
partly follows Hime’s views, The claims of Berthold Schwarz are dismissed 
entirely® Liber Igneum is considered, but Partington follows Hime in be- 
lieving that its powders are not true explosives® The Liber Igneum powders 
merely burn fast enough to cause gas pressures to build up inside the paper 
casing of the firecrackers described in recipes 13 and 33, the noise being pro- 
duced by the rupture of the case. Hime had believed that the Liber Igneum 
firecracker cases were very strongly made, tightly bound with iron wire at the 
ends, and capable of containing a rather slow gas pressure buildup until finally 
the case gave way. The strength of the case was essential, in Hime’s view, for 
it gave the very weak mixtures of Liber Igneum enough time to produce a 
pressure differential capable of yielding an audible shock wave, an explosion. 
which they could not do if burned in the open air or in an easily breached pres- 
sure vessel. By contrast Hime believed that Bacon’s firecracker cases were 
thin and easily blown open, so that only the excellence of the powder mixture 
was responsible for the explosion noise in this instance. 
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In Defense of LIBER IGNEUM: 
Arab Alchemy, Roger Bacon, and the 


Introduction of Gunpowder into the West 


VaxnarD Fouev* & Kerrm Perrv* 


TE EARLY HISTORY OF EXPLOSIVES has been illuminated by 
a series of works of deep scholurship. Those of Partington, Hime, and 
Guttmann appear to be of particular use in connection with the present topie.! 
But the effect of long-standing national traditions appears occnsionally 10 
persist in some of these volumes, to the detriment, it will be argued below, of 
a fully balanced approach to the subject. 

German writers on the origin of gunpowder have tended to emphasize the 
role of Berthold Schwarz, a Dane, German, or Greek, whose conjectured dates 
range from the 13th to the 15th century? Partington and Hime have rejected 
this tradition as legendary. The most balanced German origin account of the 
theme appears to be that of Guttmann, who makes Schwarz out to be the 
first to apply explosive powder to the Bring of projectiles.® By this light others 
may have invented an explosive powder, but Schwarz was the first to see that 
it could be used in a gun. In the remainder of his historical analysis, Guttmann 
traces the origin of explosive powder back through Arab alchemy, most par- 
ticularly through the manuscript known as Liber Igneum, or the “Book of 
Fires” of Mark the Greek! In this work and in Roger Bacon's discussion of 
explosive powder recipes, the substances produced are used either in rockets 
or in firecrackers. 
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During the 16th century, despite the aforementioned Arabic edition of the 
Canon of Avicenna published in Rome in 1593, the Arabie language disappeared 
definitively from Western Europe as a vehicle of medical science. Wé have 
testimony to the fact that Arabie was kept alive in scientific cireles among 
the Jews (Italy), Moriscos (Spain) and Christians (Italy and Spain fundamen- 
tally). It was in use round the middle of the century as a 1001 which could 
still be of utility. It was used, for example, by Bartolomeo Eustachi (e.1500- 
1510 to 1574), who studied in Kome and worked there in the Sapienza from 
1548. Vesalius himself kept it for the nomina of the Tabulaë Anatomivae 
(1538), and we have alreudy noted the cireumstances surrounding the work 
of the Spaniard Miguel Jeronimo Ledesma, But by now Arabic was no longer 
in use as a means of handing on information (we have no record of manuscripts 
being copied or regularly printed in this period), nor as a language for innova- 
tion in any of the branches of medical literature then current. The increasing 
oppression of the minorities which used Arabic as their language in Spain was 
of decisive importance in aborting any chance they may have had of offering 
a new way forward for 15th and 16th century medicine, based on the Arabie 
medical sources themselves, or using Arabic as a medium of expression. Michael 
Servetus (1509-53), as early as 1537, could not escape the anti-Arab sentiment 
pervading the Spanish community. Some of his statements in favour of the 
new Galenism almost took on the warlike aspect of a erusade against the Arabs, 
whose definitive subjugation in his homeland dated from just a few years 
before he was born. 
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ture in Spain: that it should have been forgotten by the members of the Muslim 
community itself, who lost touch with their own heritage, The result was that, 
for a combination of historical and sociological reasons, the sizeable minority 
which spoke Arabic in 161h century Spain could offer no new way forward 
from the Arabic medical sources for the medical science of the day. Nor could 
it use Arabie as a language for the creation or transmission of medical know- 


lodge. 


5) Arabic medical literature was sought out and collected by the Humanists, 
but with a very different point of view and purpos 
that by the second half of the 16th century the medical treat 
become for the Humanist scientist and aristocrat of the Christian persuasion 
a valuable object in itself; it was sought after and treasured because it was 
“old”. They formed part of a historical process which could be clearly followed 
via the manuscripts. They contained all that was valuable in the past, Hence 
the very passion for collecting Arabic medical manuscripts on the part of the 
Humanists in this period of the 16th century, revealed the death-pangs of the 
Arabie medical tradition which no longer served any useful purpose for the 
Christian medical and scientific cireles of the second half of the 16th century. 
The Arabie manuscript is locked away in the great libraries. It never finds 
its way into print, and hence has no circulation. Take the example of the 
formation during the 16th century of the nucleus of the Arabic medical collee- 
tion in the great library of the Escorial“ founded by Philip IL. The Humanist 
Paez de Castro, one of those who planned the great library, bequeathed 10 it 
in 1572 sixty-seven Arabie manuseripts of which forty-six were of a medical 
nature. In 1576,265 Arabic manuscripts found their way into the Escorial, 
and of these 179 were on medicine. They belonged to the library of the aris- 
tocrat Diego Hurtado de Mendoza, who confessed that he obtained most of 
them during his stay in Granada.® When around 1580 the Humanist Arias 
Montano gave his opinion on the Arabie manuscripts in the Escorial, of 
wbich the greater part (67%) were of a medical nature, he told King Philip 
IT: “Your Majesty should keep a great number of manuscripts in the Ara 
language, although nowadays this is not used or understood among men of science, 
because if the books of old had not been stored away in the libraries of Princes... 
they would not have surfaced again in our day, stimulating men of science 
to understand them." 
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the Qanün of ibn Sinä, together with others of his works of a philosophical 
character, have been printed in Rome in 1593? Apart from this one piece of 
information, L have no supporting data which would enable me to answer the 
question with anything like the required exactness. 

4) The possible fourth reason has already been considered from another 
standpoint: the fact that Arabic was never incorporated into the programme 
ofthe Medical Humanists in their effort to reconstruct Ancient Medicine, even 
though some of them looked upon the best in Arab medicine as part of their 
own heritage. Emphasis bas been placed on the attempt of Medical Honsaniem 
to break with medieval medicine, but the real situation was more complex. 
There was also a current of opinion which sought to accept and link up with 
Arab medicine. The Canon of Avicenna formed part of this tradition, which 
the Humanists tried to take as their base, and at the same time improve on. 
Hence their efforts at fresh translations from Arabic to Latin. That is, the 
language of the Western universities took over, hand in hand 4ith a Humanis- 
tic Galenism, which now looked more to Hippocrates and would have little 
10 do with the Arab authors, not even when these had been directly translated 
from Arabie into Latin. The members of this generation of Spanish Humanist 
doctors from the second half of the 16th century were not only ignorant of 
Arabic, but even around 1570-90 had bitter conflicts with Morisco healers, 
who continued practising medicine not only among the descendants of the 
Muslim population, but even among the “Old Christians” themselves. Apart 
from social reasons for 1he conflict with members of the increasingly depressed 
Morisco minority (expelled from Spain, let us recall. in 1609), there were also 
scientific reasons: the Morisco folk-healers — apart from a very few exceptions 
(e.g. the case of Alonso del Castillo which we have scen) — had lost touch with 
their own Arabic medical sources, and hence their art was of a completely 
empirical kind. Also, as the 16th century wore on, increasing difficulties we: 
put in the way of those who wished to study in the Faculties of Medicine.f 
These Faculties did their teaching in Latin, and there were those like Alcalà 
and Valencia which between 1565 and 1575 dropped Avicenna from the sylla- 
bus.” This was one of the tragic features of the fate of Arabie medical litera- 
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bition. From then on, with some lét-up, there was än open campaign against 
Arabie manuscripts, which became material proof of participation in politico- 
religious subversion, It did not matter any more what the content of the 
manuseript actually amounted to. The result was a waning of the use of Arabic. 
The language withdrew, as it were, into the catacombs where it died of 
asphyxia. 

2) Another reuson was the sudden disappearance of the important Jewish 
minority which did not accept forced conversion to Christianity. They were 
expelled from Spain in 1492, but already in the 14tb century like the more 
numerous Muslim minority-they were being increasingly relegated to a sec. 
ondary role in society. The Jewish minority - some of their number descended 
from Spaniards — kept Arabic alive during the first half of the 16th century in 
Italy (Venice, Rome) as the language in which medical lore was handed down. 
Let us bear in mind the existence of testimonials to the copying and handing 
on, betweun 1379 and 1428, of nine works of Galen, three of Hippocrates, 
Books I and IT of the K. al-Qänin, the Tacuinum sanitatis (K. Tagwim al- 
sikha) of Ibn Butlän, the K. al-Häwiï (Continens) of al-Räzi, fragments of 
Paulus of Aegina, Yühanuä ibn Mäsawaih, Ibn Zubr, etc. All of these were 
capied out and put together in Toledo and Guadalajara by members of the 
Jewish family of the Wagqär, and in particular Yahüdah ibn Abü (sic) 1. 
Hasan Salomon ibn Wagqär ali-Isra’ili, active between 1379 and 1387, and 
TIshäq ibn Härün, active around 1428.5 

3) Another point is that Arabic manuscripts could not withstand the pres- 
sure of the printing press, which was flooding the market with the old Latin 
versions of the Arab authors, or new Latin translations of the Greek authors, 
and even Greek versions themselves (the Opera Omnia of Galen in 1525), Clear- 
ly the use of printing sets us squarely before the problem of bias iu science, 
even in such an empirical branch of knowledge as medicine. We bave already 
noted the increasing political controversy over the use of the Arabic tongue 
in 16th century Spanish society. In practice, medical sources in Arabic had 
no access to the printing press, and suffered the fate of the non-academic 
manuseript: either they cireulated in semi-clandestine fashion, or they were 
regarded as testimony to a historical past and shut away in the great libraries 
which the Humanists founded. During the 16th century no medical or scientific 
work in Arabie was published in Spain, contrary to the Roman experience 
between 1591 and 1595, where the printing presses founded by Pope Pius IV 
(1559-65) were active in this respect. But why should the thick volume of 
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level As the century wore on, the double force of attraction and répression 
became more and more apparent The Morisco population of Aragon lost 
within two or three generations the Arab tongue which had heid sway in the 
highest circles of learning, in theology, philosophy, medicine, and astronomy, 
as late as the last decade of the 15tb century. The strong concentrations 
of Morisco population in Granada and Valencia held on to the Arab language 
with some ups and downs#* The refusal of the Christian majori ntrenched 
in positions of power, Lo use Arabic emerges clearly from the example of Va- 
lencia, where approximately 25% of the population spoke Arabic. As early 
as 1528 à campaign was planned to eradicate Arabic. But the fret clear 
rejection of the language came from the Church in 1561. The junta of hishops 
decreed that the population of Muslim origin “is to be forbidden to read and 
write Arabie, and steps are to be taken to make them learn the language of 
the kingdom”.® The civil authorities took on the task of enforcing the prohi- 
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avoid punishmient ja the case of his beginning Lo give me lessons; that he was a recent convert: 
and tbat he did not wish to prejudive che high opinion that the people held of him. A. Roerseh (ed.), 
Correspondance... 1. pp. 151-132,34-49. 

47. This dialectic-in contests which are naturally different-can be detected also in the Christian 
minority which lived in Spanish territory dominated by Muslime in the Ouh to the 10th centurit 
the young Christians learned the Arabie language and forgot their Latin. Even the bishops wrote in 
Arabie (e.g. Recemundo de Cordoba) up to the point where the writings of St, Isidore were translated 
into Arabic. Cf: M. Diaz y Diaz, De Jsidora al siglo XI (Barcelona: El Albir, 1976), p. 160f, In Abis 
context, the famous lament of the Christian Alvaro de Cordoba (£h century) is very significant: “Nor 
ne homnes jubenes Christian uultu decor, lingue disserti, bobitu gestuque conspieni, gentilici 
joni precari, Harabico eloquio sublimati uolumina Caldeorum bauidissime tractant, intentissime legunt, 
ardentissime disserunt et ingenti studio congrégantes late constrinctaque lingua laudando diuulgant, 
cdlesinsticam puleritudinem ignorantes et eclesiae Humina de paradiso manantju quasi uilissima co 
Lemnentes ? Heu pro dolor, leger suam nesciunt CI et linguam propiar non aduertuut Latini, 
Indieulus luminosus, in Corpus Scriptorum Muzarabiéorum, ed. by 1. Gil (Madrid: CSC, 1973), 
vol. I, pr. 314, 46-54. 

48, 3. Ribera, Désertaciones y opuseulos, vol. T, (Madrid, 1928). 

49, At this moment, Ana Labarta of the Autonomous University of Barcelona is studying the notes 
aud brief Arabie manuseripts of the *morircos”” under trial, which were seied by the Inquisition. 
These votes and munuscripts were incorporated into the trial records, 

50. Towards the year 1500-scarcely eight years after the conquest of Granada, when the Spanish 
monurchs gave their word that they would respect the laws, customs, religion, and language of the 
Moslems-advice was given to the inhabitants of the Albaïcin (a district of Granada) to the effect that 
so that our conversation may not cauxe seandal omongst the Christian, and that they may not 
consider that you mantain the devotion to Mahoma in your heurte, it is necessary that... you forget as 

imnch as is possible the Arabic longuage.…, and that you should never «peak it in your homes”. Archivo 
General, Simancas. Diversos de Castillo, leg. 8, f. 114. 

51. Archivo Histérico Nacional, Madrid. Jnguisicion, lib, 911. Cf. R. Garcia Careel, Hersjia y socieda 
en dl siglo XVI. La Inquisiciôn en Volencia: 1530-1609 (Baroelona: Peninsula, 1979). 
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tibb w'ol-hikma written by Abü al-Hasan Isä ibn al-Hakim, better known as 
Masih al-Dimishgf, a doctor of the famous Caliph Hârün al-Rashid. 

The work of Masih has not been studied to date, and is still in manuseript. 
We know, however, that it was used and fréquently quoted from by al-Räzi.! 

The language used by AJonso del Castillo is a classical type of Arabie, and 
this would lead us to suppose that Arabie medical manuscripts must have 
circulated freely and been used for the study of medicine, at least among the 
New Christians(or Moriscos). One cannot, of course, rule out the possibility 
that these were merely exércises designed 10 keep alive literary Arabie, which 
had practically fallen out of use by this date (1560-80) among the Moriscos of 
Granada,* 


3. Factors Which Impeded or Slowed Down the Circulation of Arabic Medical 

Manuscripts 

It would be interesting to tackle the problem of what caused the slowing 
down and interruption of the circulation of Arabie medical manuscripts in 
16th century Spain. The traffic had come practically to a complete standstill 
by the last two decades of the century. We can list the following reasons : 

1) The Christian majority, by its weight, déliberately stifled every aspect 
of the eulture of the Morisco minority which set the latter apart. At the same 
time, it deprived the Moriscos of access to the organs of power — the church, 
the government, the university. It was during the 16th century that Church 
and State mounted a campaign designed to eradicate the last signs of identity 
of the old Muslim population. This campaign eulminated in their expulsion 
from every part of Spain in 1609. Clearly language is one of the elements which 
most enbauces the separateness of any community with a different culture, 
In this ease it was the Arab language which was involved, One must not forget 
that we are schematizing a process whose structure and time-dimension are 
complex. The language of the ruling majority held an obvious attraction, 
andit was used as a tool to stifle the Arab tongue.‘ 

By the first third of the 16th century the Muslim minorities of Castile had 
already forgotten Arabic.#® It was kept alive in Seville, but only on a secondary 


41, M. Ulmano, Op. cit, pe 11% 

42, Thie last possibility was suggested 10 me by D. Cabanelas. 

43, There is abundant literature on this sabjecr. From the Mtandpoint of general history, the most 

recent and most complete study is by A. Dominguez Ortiz and B. Vincent. For the medical and seien- 
of view, see Garofa Ballester, Medicina, ciencia.. (Granada, 1976). 
a basic factor in the affirmation of social identity. Her- 
nando de Talavera, the first bishop of Grannda, tried to found n Christian community using the Arabie 
langage. His programme was à failure. During the 16th century, the ruling Christian majority eacri- 
ficed liberty aud openmiadedness for uniformity (religions, political, cultural, and linguistic). 

45. À Castilinn Muslim in the 15h century says of his people: the Castilian Moore, after great 
subjection and hardehip, many feudal dues, fatigue and hard work, have fallen from their position of 
wealth and have lost the Arabio schools" and therefore they had to translate tour Holy Law (the 
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But we have to note that the Arabic manuscripts were just “still being used” — 

they did not reflect creative new work, nor did the 16th century Spanish doc: 
tors who spoke Arabic use this language to set down their clinical experience. 

We get a late echo in 1574 of the usefulness which the Arabie medical manu- 
scripts extant in Spain could still have in the words addressed by the Prior 
of the Ecorial monastery to Gracian, minister of Philip IT. Writing in counec- 
tion with the cataloguing of Arabic manuscripts in the great library, be com- 
mented on the work of the Morisco doctor Alonso del Castillo: “Enclosed is 
a list of books. At the end there are 15 books in Arabic which have been iden- 
tified by the Morisco doctor who works here, This doctor tells me that some 
of them are worth a lot of money, for they would be very useful in training 
good doctors. . . And indeed this same doctor has some fine eures to his credit 
in these parts There is a clear relationehip in the eyes of the Prior between 
the therapeutic triumphs of the Morisco doctor and the latter's access to the 
Arabic medical manuseripts. 

The figure of Alonso del Castillo (e.1520-c.1607) is a very interesting one. 
We have dealt with him in detail elsewhere”" But he has a special interest 
for the problem under discussion, He belonged to the first generations born 
in Granada after the Conquest. He was the son of a convert, and probably 
studied medicine in the Faculty of Medicine of Granada which bad been found- 
ed in 1531. Throughout his life, he kept up a direct contact with the purest 
Arabic medical tradition, via the Arabic language and the use of classical 
medical texts in this language. 

We have a manuscript disry belonging to him, written în Arabic in the 
Maghrebi script." In this same manuscript, which he composed in Arabic, 
there exists a little treatise on physiognomy clearing up some terminology, 
a few scattered observations on the astrolabe and other ‘nstruments and the 
signs of the zodiac, while the names of the lunar months also make an appear- 
ance in Castilian. Alonso del Castillo remained faithful to the late medieval 
tradition of an astrology-based medical lore, which enjoyed a continued popu- 
larity throughout the 16th century, Aside from à few brief opinions of an 
aphoristie kind regarding doctors and medicine generally,” the most interest 
ing things which he has to say of a medical nuture come in the brief treatise 
on physiognémy, Alonso del Castillo gave it the heading: “A chapter from 
the writings of Masïh ibn Hakim concerning matters of physiognomy (al- 
firäsa)"4 What we have is probably part of the Risäla al-Kafiya fi “ilm al- 


45. This document has been reproduced by N. Morats, “Un eatélogo de los fondos drabes primitivos 
de El Escorial”, Al-Andalus, 2 (1934), 95-96. 

46. D. Cubanelas, El morisco granadino Alonso del Castillo (Granada, 1965). 

37. See Garcia Ballester, Medicina, ciencia ÿ minorias marginadus: los moriscos (Granada, 1976). 

48, Biblioteca Nacional, Madrid, Ma n, 7,453. 

39, Ibidem, À. 26r-27v. 

40. Ibid, . 218r-217v. 
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About the same date, he made a detailed comparison of the Greek and 
Arabie texts of Galen's commentaries on the Aphorisms of Hippocrates. The 
vutcome of this labour was a plan for a comparative study of the Arabic trans- 
ation of this Galenie text (Tafsir Jalinüs li-Fusäl Bugrat) which he attributes 
to “Hubaisch” (Hubaish al-Afsam, the nephew of Hunain) with the Greek 
collections of the same commentaries# “For I am not unaware that there 
are no sciences properly so-called which the Arabs have not translated. And 
translated in such a way that 1 believe they can help us reconstruct passages from 
works of Greek literature avhich have been tampered with”. The fundamental 
reason was the very age of the Arabic manuscripts and their closeness to the 
original# Unfortunately Clénard was not to carry through his plan. Nor 
was his scheme put into effect that we know of. And anyway Clénard's 
interest in Greek or Arabie medicine was not shared by professional medical 
interests, 

The least we can do is to underline the sagacity of Clénard and the interest 
of his plan, if we think of what Ullmann has to say: “Galen’s works are handed 
down clefly in late manuseripts of the 151h century. In addition, the somewhat 
older Greco-Latin translations of Burgundio of Pisa (d.1193), Nicolas of Regium 
(1280-1350) and Peter of Abano (before 1303) are also significant: they have 
preserved for us some works of which the originals are lost. In view of this 
unfavourable state of the transmission, the Arabic versions are of the greatest 
importance: produced in the 9h century, they are based on Syriac or Greek 
manuscripts, which are at least six to seven centuries older than those preserved 
for us. As a result, considerable possibilities arise for the emending and editing 
of the Greek texts. But most important of all, numerous writings that were 
lost in the Greek remained preserved in Arabic dress”? 


2. The Arabic Medical Manuseript as a Source of Medical Knowledge 


The content of the Arabic medical manuscripts of 16th century Spain was 
held in high ésteem until wellinto the century. At the same time, direct recourse 
was had to the manuscript Arabic medical sources for actual medical prac- 
tice ntil the last third of the 16th century. The use of the Arabic medical 
manuseript as something more than a mere historical relie, as a living source 
of medical lore, characterized the non-açademie world of the Morisco minority. 


31. “Certe Hubaisch qui Galenwn uertit, adeo mihi arrisit et satisfecit ut nihil magis cupiam quam, 
oraissis, illum conferre cum Galeno”. Jbidem, I, pp. 117,49-$1 

32, Nam ne ignores, ferme nibil est seviarum disciplinarum quod non traduxerint Ars 
traduxerint, ve putém eoram praesidio multa posse in mutilis Graecorim monumentis restitui". 
Abidem, 1, p. 117, 46-49 (the italies are mine), 

33, With respect to the age of the Arabie manuseripts, see the text from Clénord ns reproduced 
in note 40. 

34. Ullmann, Die Medisin im Islam, pp. 47-38; id. Islamic Medicine (Edinburgh: 
pp. 81-32, 


iv. P., 1978), 
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an important number of non-medical scientists and aristocrats, who were 10 
play an important role in the more mature humanist movement of the second 
half of the 16th century, knew Arabie, but the use which they were to make 
of the Arabie medical manuseripts was of a différent kind, as we shall later 
point out, 


3. The third topic arising from the complex relationship of Medical Huma+ 
uism and Arabie Medical manuseripts in Spain, concerus the potential which 
these afforded for the recovery of the Greek medical sources themselves. For 
some Humanists, like Clénard, who knew both Greek and Arabie, became 
aware of two facts: the greater antiquity of the Arabie manuscripts, and their 
clear fidelity to the Greek original . Hence it would be possible — and immenselÿ 
useful — to use them to reconstruct lost works of Hippocrates and Galen, or to 
round out passages which had been obseured in the handing down of the Greek 
manuseripts. 

Clénard, a pupil of the famous Trilingual College of Louvain and a disciple 
of Erasmus, came to Spain about 1530 ta learn Arabic" Steeped in the Chris- 
tian Humanism of the disciples of Erasmus, he carried out a comparison of the 
Greek manuseripts used by Erasmus in specific passages of the Gospels, and 
the same passages as they had come down in Arabic manuseripts probably 
from the Tth century. Erasmus’ reading of the Gospel fragments, achieved 
at such cost from the Greek manuscripts alone, could have been done much 
more easily from the Arabic manuseripts had he been aware of their existence. 
This was what Clénard told Rutger Rescius — the famous Humanist and printer 
of Louvain —in 1536 in Evora in the south of Portugal.°® 


Arias Montano, ete), who used it 1e understand the Arabic scientific texts, The absence or relative 
scareity of the teaching of the Arabic language in the Spanish university in the 16th century led 10 a 
Situation where Arabie is uot uved nor understood among the seientists"" around 1580 (see note 61). 
‘The second variety was the colloquial. Arabie was picked up without any grarmmatieal foundation 0e 
understanding of the language, since Arabie schools were forbidden. This level ruled out access 10 
written Arabie sources. 

29. See V. Chauvia and A. Roersch, Etude sur la vie et les travaux de Nicolas Clénard (Bruxelles; 
Hayes, 1900), p. 23. See also Clénard's letter 10 Hernando Colon in A. Roersch, L'Humanisme belge à 
l'époque de la Renaissance. Etudes et portraits. 2 série (Louvain: Lib, Univ., 1933), pp. 101, 145. Cf. 
MBataillon, Erasmo y Espana, Zud Spanish edition revised and enlarge, (México: JUC.E., 1966), 
p414 passim. Erasmus himself recogaises the great influence of the Arabe in Spain: ‘Siquidom 
Hispania Sarracenici imperii mauifesta vestigia licet hodieque cernere, quoruia tyraunidem pus 
este regio", P. S. Allen and H. M. Allen, eds., Opus epistolarum Des, Erasmi Roterodami, 12 vols. (Ox- 
ford: Clarendon P., 1906-1958), IV, Ep. 1001,79-80. 

30. Nune eonuolo ad Euangelia Arabica, de quibus aliquid tbi narrare libet, Nactus sum codicern 
descriptum, et versum ab hine anis sexeentis, Habeo et alind exémplar ex eadem translatione des- 
criptam. Reperio pleraque amnia sic se habere, ut hodie legimus in Gruecorum codicibs, quos sequutus 
illud in Luca: In terra pax, horinibus 
sic habent Arabes”, A, Roersch (ed.), Cor: 


190 LUIS GARCIA*BALLESTER 


finished correcting the first chapters when he died suddenly. His unfnished 
work was published by his medical colleagues of the University of Valencia, 
Luis Collado and Pedro Jaime Esteve# Why was his work not carried on? 
Setting aside the possible reasons of a social order which will be dealt with 
later, there were factors of an epistemological kind which were giving Galenie 
humanism a new orientation. The most interesting medical humanists in 
Valencia, and men who captured the leadership of the academic world, were, 
among others, his old colleagues Collado and Esteve. Both belunged to the 
humanist movement in Spanish medical circles which was moving towards à 
“Galenism based on Hippocrates” which would have nothing to do with even 
a purified Avicenna, This Galenism, with its undisguised humanist roots, did 
not question the authority of Galen in pathology, but its distinguishing feature 
was the reading of Galen from the viewpoint of the Hippocratic corpus, where 
direct clinical observation predominated (the Epidemies). Hence their com- 
mentaries on the Greek classics were based on a wide and profound clinical 
experience of their own. To this interesting variety of Galenie humanisim be- 
longed the most mature work of the professor of Alcalà, Francisco Valles 
(1524-1592), and of Luis Collado (d. 1589) and Pedro Jaime Esteve (/1.1551) 
themselves. This current flourished in Spain between 1560 and 1580. From 
this point of view the Canon of Avicenna was scarcely capable of arousing 
much interest, even after sifting with the new methods of medical bumanism. 

It was no accident that Valencia witnessed the frst attempts to translate 
the Canon using Arabic manuscripts. Together with Granada, as we shall see 
later, it was the region of Spain where the use of Arabic was still kept alive, 
not only among the population of Muslim origin (the Moriscos)” but also 
among the members of the mercantile and academic bourgeoisie Equally 


25. Luis Collado relates these details in à render's note dated the 23rd March, 1548, Ibidem, SAIT, 
and P. J. Esteve in an epigram in Greek at the end of the work, 1bidem, 118. 

26. GE. JM. Lépez Piñero and F. Bujosa, Op. cit., pp. 362-363. There is as yet uo single adequate 
study of this process. Luis Callada and Pedro J. Esteve belonged to the anatomieal school of Valencia 
directly influenced by Vesalio. Cf. J. Lôpez Piñero, “La diseccién y el saber anatémico en la España 
de la primera mitad del siglo XVL', Cuadernes de Historia de la Medicina Espanola (Salumanca) 13, 
(1974) 71, P. J. Enteve had a good knowledge of Arabic. Cf. A. I. Morejôn, op. eit., IL, p. 465, 

21. We term Moriscos"" those New Christiuns who were the remit of the massive conversion of 
the Muslim population in the Brst years of the 16th century: after their conquest by the Christions 
this population hud stayed in the lands of the Spanish Kings. By contrast, those Christians who had 
always been such, without any conversion either from the Islamic or from the Jewish faith, were 
called Old Christians 

28. Living side by side with the ‘motincos”* (ia a lord-serf, master-servant, business relationship, 
te.) some bourgeois gentlemen were prompted to learn Arab 
the lost third of the 16th century, the wife of Miguel Juan 
cie of Valencia, declared that she spoke to the *moriscos"! in Valencin in Arabic, a language which 
“the understood'* (Archivo Histôrico Nacional, Madrid. Inquisicin de Valencia, leg. 840). 

There were, therefore, two levels of knowledge of the Arabic language current ainong the “Old 
Christians"® + the frst was the neademie variety characteristie of the humanist scientist (e.g. Clénard, 
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The high standing of Avicenna was due, in fact, to his mastery of Galen. 
The last sentence of the eulogy just quoted is a clear reference 10 the famous 
work of Gale Quod optimus medicus sit quoque philosophus (the K. ft anna 
Ljabih al-fädil faylasaf of the Arabs).' 

Ledesma rejected the Latin translation made by Gerard of CGremona in 
Toledo, which he called “a barbarous translation”. Instead, he used the 
Latin version of Andrea Alpago, which was based directly on the Arabic, while 
criticising Alpago’s preference for late medieval authors like Gentile da Foligno 
when it came 10 the rendering of specific passages The Scholastie medicine 
of medieval Christendom still left a great deal to be desired. 

Applying the method used by the humanist doctors in their editions of 
the ancients, Ledesma contronted all Avicenna’s quotations from Greck authors 
with the original Greek: “Every single passage of Avicenna will either be 
confirmed by reference to the text of Galen from which it was taken, or else, 
where there is a discrepancy, restored 10 the original." These differences 
between the Arabic and Greek quotations from the Greek elassie were attri- 
buted by Ledesma to defects in the texts used by Avicenna."® 

His starting-point was “an ancient manuscript of Avicenna” in Arabic, 
belonging to himself, whose content was rather different from the published 
version.® His experience here was similar to that of Clénard a few years 
before in Salamanca, as we have seen, In any case it was with this Arabic 
manuscript that he did his work, with the help of a direct translation made 
by Alpago a few years before. Alpago himself did not escape his criticism. 
The work was done in close collaboration with “a colleague who was as expert 
in the Arabic language as he was in medicine”"# 

Unfortunately, Ledesma could not complete his work. He had barely 


ani inter eos sic Medicinae partés omnes complexus est. Nullus sie medicamentorum rationen:. 
copiam, tempora, varietatem tradidit, vt nusquar fere locus postmodum seripturis relictus sit, Nullus 
sic praesagia, cuusas, iudicin, et medendi artem elueubrauit, ve nullibi morbus inueiatur vllus, qui 
medioi vel oculos vel maaus ilius documentis instruetas queut sabterfugere… Auicenna vero erudite 
admodum, et singalari ordine vsus, et Caleni se vsquequaque facieus interpretem: omnes Medici 
optimi numeros absoluere conatur”, Jbidem, £. 2-2v, (the italics are mine). 

18, Cf, M. Ullmann, Die Medisin im Islam (Leiden, Bill, 1970), p. 38. 

19. M J. Ledesma, Opsci, 24. 

20. “Item Andreas Bellunensis novus interpres, atque is aliquando Gentilis, aut Nicol, aut alterius 
cuinplam sententiant verius sequitur, quam veri Thidem, 1. 2-8, Alpago (d.1520) trauslated 
the Canon from old Arabie manuscripts taken from Danascus, where there was a Venetian convulate, 
CE. MTh. d'Alverny, “Avicenne et los médecins de Venise", in Medioro e Renascimento. Studi in 
onore di Bruno Nardi (Firenze, 1953), L,118; M. Ullemann, Opurit., pe 154. 

21. “Iliad tamen non tacebo, nullam esse Auicennae loeum, quem uel Guleni di 
tus est, non confrmemus, vel eiusdem senteñtia, cum ab illo dissentit, autiquenr 
Op cit, € 2. 

22, Tbidem. 

23. ‘tuetnstiseimus noëter codex Auicenuieus manu seriptus.… longe à uulgato dissidens". idem. 


ar adde consiltum fuir socio Arabiese lingune non minus quai rei medicue peritum Jbi- 
 £ 3. 


, ex quo desuempe 
JM, Ledesma. 
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and that this Corpus is very far from being a systematie and ordered exposé 
of Calenie medicine, The Greck edition of Galen’s Opera Omnia was printed 
in 1525. AI of this was perfectly well known 16 the medical humanists. For 
example, Luis Collado, a Spanish disciple of Vesalius, had no hesitation in 
stating in 1546: 
Avicenun, Inown until today us the interpreter of Galen, has succeedec 
easily uaderstood author. 
And Miguel Jeronimo Ledesma, educated in the Trilingual College of Alcala, 
one of the most lively entres of Spanish medical humanism, makes Avicenna 
say to Galen in a piece of historical fiction: 
Haviog found that your writiugs were very dispersed, E have compiled them all, oh Glen, into 
a brief methodology... Thus ut least, inasmuch as L resemble you, «hall I be estcemed by leurned 
mont 


making of Gulen an 


So it is that when men tried to reconstitute true medical science, the writ- 
ings of the doctors of antiquity, they thought t00 of Aviceuna and his Canon. 
Itis the most useful work which the doctor had at hand. And that was perfectly 
compatible with the rejection of Arabized Galenism, which for these young 
doctors — Ledesma and Collado were not much more than twenty years old — 
was no more than an outdated fon of steriie scholasticism. As Ï have said 
earlier, medical humanism and the possibility it brought with it of direct 
contact with the sources of medical knowledge, marked a new frontier, which 
now included the Canon as well. 

Le was this which prompted Ledesma to undertake the task of translating 
the Canon directly froin Arabic into Latin, The translation, with its accompany- 
ing commentary, was dedicated to Tomas de Villanueva, archbishop of Va- 
lencia, a man who belonged to the Reform movement which captivated the 
keenest minds in early 16th century Europe. In it he made this statement: 

You are well aware, Very Reverend Prelate, of the fame of the name of Avicenna in days of old, 
whose collections and technique earned for him the title of Prince of Arab Doectors, For none 
of the latter treated svery branch of medicine s0 completely as be... 
And none of them could defiue a particular medicine so clearly, or deal with s0 many and with 
their application, auch that there was hardly anything more to be soid on the subject, No one 
analyzed with greater skill the art of prognosis, etiology, diagnosis, cure - such that there is 
hardly an illness unknown to any doctor brought up on his doctrine, Avicenna is exhaustive, 
extremely systematie, and stays very clos 10 Galen — in short, he posteares all the requisites of 
the good doctor. 


15. Aviceuna, Galeni interpres hactenus dictus, Galenum facundissimom enarratorem sit adep- 
vus In a reader'« note to the work of M. ]. Ledesmn, Prima primi Canonis Auicenne sectio.… (Valen- 
tie: Joan. Mey, 1547 (ie: 1548), £. 117v. Cf. À Catalogue of Sixteenth Century Printed Books in the 
National Library of Médicine, Comp, by R: J, Durling, (Bethesda, 1976), n. 198, 

16. Cum tun vidissem fuse monumenta vagari, /Collegi in methodum cuncta Galene hrevem./.…/ 
Sie tamen a doctis, similis tibi fuëtus, amahor+/. M. J. Ledecron, Prima primi Canonis..….£. 1v. 

17. Non est nescins Renerendissime Praësul, Auicennae nomen olim adeo fnisse celebre, ut tam 
propter compendia, tum propter methodum, medicorum Arabum princeps meritus sit appellari, Nullus 
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ized Galenism. Their main concern was to expel Avicenna and the Arab authors 
from the Faculties of Medicine, The Canon — with its whole sequel of scholastie 
commentaries — became the symbol of backwardness and of attachment to 
an outdated tradition? 


2, The second big topic relating to Arabic medical manuscripts in Spain 
is the whole movement of Medical Humanism itself. Avicenna, whose rejection 
formed the subject of our previous section, was identified with Arabized 
Galenism, which had already sufficiently demonstrated its sterility. But 
there was another possibility at this point in history: the grouping under the 
umbrella of the classical medical school of not only Hipocrates and Galen, 
but of Avicenna as well, especially the Canon, just as the medical humanists 
included the Byzantine cormpilers like Paulus of Aegina, for example, and 
even such late authors as Joannes Actuarius® One could apply to the Canon 
itself, with a view to understanding it more fully, the burgeoning science of 
philology, both Arabic and Greek. From a strictly historical and medical 
(ie. clinical and therapeutic) point of view, that is, taking as our standpoint 
the most lively academie medicine of the first half of the 16th century, we 
cannot forget what the Canon signified at that juncture. It is well-known that 
Avicenna, in his Canon, brought the systematization of Greek medical science 
to its maturity, adapting theory to practice with great skill, and at the same 
time putting forward a mature, definitive vocabulary of medical terms. This 
was a big improvement over the hesitations and contradictions of the other 
Arab authors (ibn Mäsawaih, “AK ibn al-SAbbäs al-Majüsï, and Ishäq al- 
Isra'ili) who had been very popular during the Middle Ages and the 16th 
century through their Latin versions of the Corpus Constantinum. Seen from 
the standpoint of the Canon, the whole rich corpus used by medical writers 
of the Later Middle Ages and the 16th century takes on meaning and form. 
At the same time, an attentive reading and study of the Canon allowed 
fruitful access to the immense jungle of Galenic writings, which were abundant- 
Ty at hand for the medical humanist of the second half of the 15th and first 
half of the 16th centuries. One should not forget that in 1524 the medical 
humanists had translated into Latin a quarter of the Corpus Galenianum 


12, We ca follow the course of this problem in Spain very well in the history of the Faculty 0f 
Medicine of Alealé: in 1538 the teuchings of Avicenna were questioned openlÿ, and in 1565 the tench- 
ings and commentary of Avicenna were aboliched completely, Cf. V. de la Fuente, Hisria de las 
Universidades, Colegios y demés establecimientos de ensenansa en Espana, # vols, (Madrid, 1884-1489), 
Le. 40; L, Alonso Muñoyerro, Lo Faeultad de Medicina en ln Universidad de Alcalà de Henares (Mad- 
1945). 

13. The friend k Erarmns, Wilhelm Kopp (Copus) published, in 1510, the version of the Epitome 
by Pablo de Egina, Ambrogio Leone, who was also a friend of Erakrus, ‘was to publish in 1519 a trane- 
lation of the Byzantine physician Josones Actuarius" De urinis'!. Cf: R. During, Linacre and Medical 
Humaniam'", pp. 81,103. 

14, R. Dusling, Jbidem, p.17. 
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could read the Arabie sources in the original, This was true, for example, of 
the Jewish-convert doctors, Alvaro de Castro (1.1526) and his contemporary 
Diego Sobrino* The former had a good knowledge of Greek, Hebrew, and 
Arabie, and the latter of only Hebrew and Arabic. Both lived in Toledo in the 
first third of the 16th century. Their medical writing is still in manuscript. 
It was written in Latin (Alvaro de Castro) and in Castilian (Diego Gémez de 
Castro), and the medical authorities on whom they rely are specifically: Yuhan- 
nä ibn Mäsawaih, al-Raäzï, Isbäq al-leräili, Ibn Sinä, ete. Diego Gémez de 
Castro even gave his work in Castilian the title La concluitiva, a literal trans- 
lation of the title of the main work of ibn Rushd, the K, al-Kulliyyät. The work 
of these writers of Toledo stands out as a final offshoot of the brilliant medical 
tradition cultivated among the Jewish community of Toledo. One should net 
forget that in the Jewish communities of Venice and Rome Arabic was used 
as a living language for the transmission of medical lore during the first half 
of the 16th century,® and that during this period Arabie still kept its rank 
as a scientifie language among the Italian medical school itself 

To return 10 Spain, the doctors of Salamanca — who knew little or no 
Arabie — and those of Toledo - who knew a great deal - were steeped in an 
“Arabized Galenism” faithful to a medieval tradition which plain}y had no 
historical] future. But that is another question. They were set apart by a whole 
world of concepts and methodology from those who have been called “medical 
humanists”, the world to which Nicolus Clénard belonged. As it happened, 
bumanistic Galenism offered itself as a new possibility in the blind alley where 
medical pathology found itself in the Spanish universities towards the end 
of the first third of the 16th century. The medical humanists were Galenists, 
inbred with a Galénism formed by direct contact with the writings of the 
Hippocratie school and of Galen. They were the most bitter enemies of Arab- 


9. J. M. Mills Vallicrosa, ‘La obra médica de la famili toledana de los Castro", in Estudios 
sobre historia de la ciencia espanolu (Bareclona: C. 5, 1. C., 1949), pp. 443-454; A. Hernänder Morojôn, 
Historia bibliogräfica de la medicina rspanole. Vol, 13, (Madrid: 1843), pp. 214-216. (Repr. by Johnson 
Los manuscrits médicos de los muestros toledanos 
üadernos de Historia de la Medicina Espanola (Salamanca), 13 


Alvaro de Castro y Diego Sol 
(974), 15-50. 

10, Clénard, when he discusses the Jewish doctors in Venice says: “Medicos quosdum inter Tudacos 
wersati, qui lectitarent Auicennam natiua lingua”*, A. Roersch (ed.) Opiei 1, p.208, 70-71, The Spaniah 
Jew Jacob Mantino (e. 1490-1550), born in Tarragona (Spain), translated into Latin from the Hebrew 
and Arabie languages various works, when in Italy. He begao à direct tranilotion 6f the Canon by 
Avicenna from Arabic into Latin: His death interrupted this work. Cf. J. M. Lôpez Piñero and F. 
Bujoso, “Trad de los saberes médicos en la España del siglo XVI", Medicina 
Española (Valencia), 77 (1978), 355-366: M. Steinschneïder, Die arobischen Übersetsungen aus dem 
Gricchischen (Graz: Ak. Dr. ; 1960); A. Hernändez Marejôn, Op. 1, p.98. 

11, Bartolomeo Eustachi (c.1500-1510 to 1574), who lived in Rome, underatood the Arabie language 
well, and it is sud thut he made his own translations of Aviceana, Cf. C. D. O'Malley, in Dictionary of 
Scientific Biography, C, C, Gillispie (ed.), IV, p. 486. 
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But they know no more of the (Arabic) grammar than do the sailors of Zecland, 
or a coach driver. ; 

Au adequate understanding of the classical Arab medical writers could 
uot come from the Latin translations then current. Al of the latter derivéd 
from the Corpus of Constantine or the Toledo School (Gerard of Cremona, 
Mark of Toledo, and the like), which were riddled with mistakes and absur- 
dities. Justifying his reasons for learning Arabic in Fez (Morocco), Clénard 
had this to say: “The teaching of the Greek and Hebrew tongues is current 
in the Christian world. 1 would like to add Arabic to the list. We use Avicenna, 
Averroes, and many other sueh, who were not rendered into Latin as faithfully 
as they should have been, Knowing Arabie properly, we could understand 
these writers all the better". 

The consultation of these Arabic sources in the original led not only to a 
better understanding of the content, but also to a greater precision and 
enrichment of medical knowledge itself. 

“Last February”, wrote Clénard on 8 July 1537, “I met a doctor who 
belonged to the school of Galen, proficient in Greek and Latin, who was ready 
10 set off for Coimbra to give classes on Avicenna there, Following my advice 
he started to learn Arabic. . . He had barely had 30 hours of instruction from 
me, from a commentary of Book III of Avicenna’s Canon. and we had just 
reached a certain stage in the anatomy of the brain, when he candidly admitted 
to me that in this short session with Arabic, he had learned more than in six 
montbs of contact with Greek’. 

Spain’s “Arabized Galenism” involved little more than a scholastic com- 
mentary on Avicenna's Canon in its medieval Latin version. This text is often 
incompréhensible, compared with its Arabie original. These Galenists were 
incapable of reformulating their view of Avicenna from a direct contact with 
Avicenna himself. 


Alongside these doctors of medicine, who belonged to the school of *Ara- 
bired Galenism*, there were also those with a good knowledge of Arabic who 


6. “Quod bnetenus nero extiterit (in Salamanea), qui linguam Aribicam sic teneret, ut enr docere 
posset, Siquidem non desunt mediei, qui Avicennam, et alios Arabes lectitent; veruin de Grammatica 
nibil norunt, non magis quaus mautae Zelandici, aut nontri aurigoe Cumpinienves”. A, Roersch (ed.), 
Correxpondance de Nicolas Clénard. 3 vols., (Bruxelles, 1940-41), 1, pp. 116-117, 

7. Eu, inquio, apad Chvhtianon solemns doesre Grancas et Hebraena literas, uolo adicere Ara- 
bicas: na est apuid nos Auicenna, est Auerroes, et molti item auciores, non satis fdeliter uersi in La 
tinum. Quod si callerewus linguam Arabicam, rectius istos ouctores perciperemus”. Jhidem, 1, pp. 
185, 100-104. 

4. “Febrüario superiore, medicus quidum Galeni sectator, Grace Latineque doctus, cum putaretur 
iturns Conimbricam, et enarraturos Auieennam, meo suasu coepit Arabicuri… enarraui.… TU, Hibri 
Canoais. Est jam aliquo usque progressi eramus in Anatomia cerebri, uixdum triginta horas 
, cu ingenue fateretur, se plus tantillo tempore nactum esse judicii iu Arabicis, qoum olim in 
Graecis sex solidis mensibus*", fbidem. 1, pp. 117, 44-42, 
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tury with the appearance and increasing sway of the so-called “medical hu- 
manist” movement.f 

The cireulation and use of medical manuscripts in Arabie in 16th century 
Spain reflected forces which were partly the same as and partly very different 
from those operating in earlier centuries. 

This paper falls into three parts:(1) Arabic medical literature and medical 
hüumanism, (2) Arab medical manuscripts as a source of medical knowledge, (3) 
factors which impeded or slowed down the circulation of these manuscripts. 


Arabie Medical Literature and Medical Human! 


Within the overall movement of medical humanism® in 16th century 
Spain, three broad topics stand out in connection with medical manuscripts 
in Arabic: 

1. The direct access which the Arab tongue gave to the manuscripts cirou- 
lating in early 16th century Spain and Portugal, which constituted the reposi- 
tory of the writings of the classical Arab medical school. These writings still 
constituted the core of medical pathology as it was practised and taught in 
the Faculties of Medicine. Arabized Galenism dominated the Medical Faculties 
in Spain during the first third of the 16th century, and it might have been 
expected that these doctors would profit from the study of Arabic as a way 
of understanding better the Arab writers, particularly Avicenna. In 1537 
Clénard was to write from Salamanca: “To date 1 have not been able to find 
a single person who knows Arabie well enough to teach through it. No doubt 
there are enough doctors able to read Avicenna and the other Arab doctors. 


4, For the whole of this process iu the Spanish world, see Garcia Ballester, Historia social de la medi- 
cina.., pp: 59-97, With respect 10 the ideologieal Factors of change in European Latin medicine, which, 
indirectly play a part in the problematie which is here posed, see O. Temkin, Galenism. Rise and 
Decline of a Medical Philosophy (Hhaea: Coruell U.P., 1973), pp. 125 F. 

5. We understand by medical humanism”? the complex movement, which, from the end of the 
15th century (e.1444), attempted to retrieve the ancient medical writinge (Hippocrates, Galen, eveu 
Byrantine compilers) by applying Lo them the newhorn seïence of philology. The result was editions 
which were philologically purged, and direct Latin translations from the original language, free from 
the mistakes contained in the medineval translations, which were classifiod as “barbaric"". 

We sustain the concept of ‘medical humaniem' out of pure pragmatism and for laëk of any better, 
At the present, a growing need in felt for un adequate study of this complex movement, wi 
under the generic label of *humanism"!, “produet of historical realisr, i. e., of an attempt 10 penétrate 
into the essence of an ngé”', as well as of the misleading concept of ‘srenaissanee"", For a view of per 
cdiration in history, see D. Gerhard, in Dictionary of the History ef Ideas, Ph. P, Wiener ed., (New York: 
€, Seribner's Sons), LIL, pp 476-481. R. Durling points ta the necessity for a stady of the concept of 
“medical humanism”", in Linacre and Medical Humanism® in Linoere Studies. Essays on the Life 
und Hork of Thomas Linnere, e.1460-15%4, F. Madisson, M. Pelliag and C. Webster, eds., (Oxford: Cle 
rendon P., 1977), p. 77, As regards Spanish medicine aud science in the 16th century, see J. M. Lôper 
Pinero, Giencia ÿ Técnica en la Sociedad espanola de los siglos XVI ÿ XVII (Barcelona; Labor, 1979). 


The Circulation and Use of Medical Manuscripts 


in Arabic in 16th Century Spain 
Luis Garcia-BaLLesren* 


O OF THE CHARACTERISTIC FEATURES of Spain during the 
16th century was the important Arabie-speaking population which lived 
shoulder to shoulder-sometimes pencefully, sometimes not — with à majority 
whose language was not Arabic. Both groups (the Christian majority and the 
minorities of Muslim or Jewish origin) formed very distinct cultural communi- 
ties, especially the Muslims or those of Muslim origin Theorctically, at least, 
the number of medical manuseripts in Arabic which must have existed in 16th 
century Spain should have been considerable, Elsewhere 1 have studied the 
reasons for the survival of the medical manuscripts in Arabic during the 14th 
and 15th centuries in the Christian zones of Spain. The reasons were basically 
of a social order, and closely linked to the fate suffered by the Muslim and 
Jewish minorities. Members of both communities were the main users and 
keepers of medical works in Arabie, and they served as a bridge with the 
Christian doctors who also had recourse to them® The gradual decline in 
importance of the Arabic medical manuscripts, already visible in the Ath and 
15th centuries, must be attributed not only to the declining importance of 
the Jewish and Muslim minorities themselves, but also 10 the prestige which 
the Christian scholastie university was winning over the intellectual leaders 
of the minority. For the university was capable of generating a great output 
of medieal literature, and of establishing a mature Greco-Latin medical termi- 
nology. This movement was taking shape from the last third of the 15th cen- 


* Departamento de Historia de la Medicina, Facultad de Medicina, Granada, Spain. 

1, A. Domingues Ortiz and B. Vinéent, Historia de los moriscos, Vida y tragedia de una minoria 
(Madrid: Revista de Occidente, 1974); L. Garcia Ballester, Medicina, ciencia y minorius marginadas 
los moriscos (Granadu, Universidad: Secretariado de Publicaciones, 1976); A. ‘The Minority of Morisco 
Physicians in the Spain of the 16th Century and Their Conliets in a Doininant Christian Society". 
Sudhaffs Archiv, 60 (1976), 109-234. 

2. L. Garefa Ballester, Hisoria social de la medicina en la Espana de ls sig 
Akal, 1976), pp. 31-75. 

3. An example of the bilingualism (Arabie-Latin) of the people who used the medical manuecripts 
written in Arabie in Christiau Spain can be seen in the monuscript correspouding to K. Jämis osrdr 
abbé by Ab al-SAÏX? Zubr b. Abd al-Malik, Ibn Zuhr al-fahbili (Paris, B. N. Or. 2060, €. 191v), 
dated Barcelona ia the writing used in the 14th to 15th centuries. Cf. F. Girôn, La medicina prâcticu 
an la Espana musulmona del sigle XII. Ed, critiea y traducciôn del K. al-Jémi® (Granada: Faculty 
af Medicine, 1977), Ph.D. thesis, 
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